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SILICON CONTENT OF THE RICE PLANT AS A FACTOR INFLUENCING ITS RESISTANCE TO 


INFECTION BY 


THE BLAST FUNGUS, PIRICULARIA ORYZAE! 


Richard J. Volk.- Robert P. Kahn. and Robert L. Weintraub 


SUMMARY 


\{ quantitative study has been made of the rela- 
ot 
Calero rice and their susceptibility to infection by 
Piricularia oryzae Cav. Silicon content and 
ceptibility related inversely. The susceptibility 
of each leaf is greatest as it emerges; with advanc- 
ing age the susceptibility diminishes until virtually 
Both the 


tionship between the silicon content of leaves 


sus- 


are 


complete resistance is attained. silicon 


content and the degree of susceptibility of the leaf 


at any moment are related to the amount of silicate 


available to the roots. It is hypothesized that the 
silicon combines with 1 or more components of the 
cell wall to form a complex relatively resistant to 
attack by the extracellular enzymes of Piricularia, 


and so diminishes hyphal penetration into the leaf. 





Silicon has been implicated repeatedly as a factor 


influencing the degree of susceptibility of rice to the 


Cav. Miyake 


blast disease ¢ aused by Piricularia oryzae 


and Adachi (17) noted a higher Si content in leaves 
of a resistant variety than in those of a susceptible 
variety. Adyanthaya and Rangaswami (1) = and 


(23) reported greater numbers 


Venkatachalam of 
silicated epidermal cells in resistant than in suscepti- 


ble varieties, but Hashioka (8) concluded that the 
degree of silicification is unimportant as a_ factor 
determining varietal differences in susceptibility. Sev- 
eral workers (4, 5, 13, 21, 22, 25) have claimed that 


susceptibility was diminished by increasing the supply 
of absorbable Si. 

Evidence has been adduced that many other factors 
also are involved in determining susceptibility to blast 


In instances, the 


(iZ, 19; ZO). some Si content or 
number of silicated cells has been shown to be greatet 
under the conditions conducive to resistance (2, 3. 8. 
9). suggesting that Si may be the factor of primary 


importance. In other cases, the role of Si was believed 


to be subordinate to or dependent upon other factors 


21, 22) such the level of available 


AS as nitrogen, 
magnesium, or water. 

lo establish the role of a single factor that. in all 
likelihood, is interacting with many others may be a 


very complex and difficult task. It is not surprising 
that current information as to the role of Si in resist- 
ance to blast is fragmentary and contradictory. The 


present study was undertaken in the hope that a better 
inderstanding of the problem might be 
of the 
relationship on an individual leaf basis. 

Meruops. of 


Variety 


gained by a 


quantitative investigation silicon-resistance 


the 
re- 


ot 


experiments 


rice plants Rice 
all the 
ported here. In 1 experiment, the plants were grown 
singly in 14-gal. crocks on flooded Duffield silt loam. 
Nutrient culture was used in all the others, the plants 


Sponge-Rok. a 


( ultur ¢ 


Caloro was used in 


being supported by heat-ex panded 


iluminum silicate. 


It was found that rice plants could be grown suc- 


Accepted for publication October 21, 1957 
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cessfully on Hoagland solution No. 1 (10) if 15-20 
ppm Fe as ferric ethylenediaminetetracetate (Fe 
EDTA) was substituted for the recommended source 
of Fe. The solutions (Table 1) were prepared with 
distilled water containing less than 1 ppm Si. Where 
silicate was to be included, sulfuric acid was first 
added to the basal nutrient solution in such amount 
as to result in a hydrogen-ion concentration between 
pH 5 and pH 6 after addition of the sodium silicate. 
In order to eliminate the sodium content as another 
variable, the final concentration of sodium sulfate was 
adjusted to the same level in each solution. All the 
nutrient solutions were adjusted to pH 5.2 and Fe 


EDTA added just prior to use. The nutrient solutions 


were replaced weekly 
Inoculation and evaluation.—Leaves were inoculated 


by exposing them to a uniform spore deposition in a 


modified form of the settling tower described by Bell 
et al (6). Two isolates of Piricularia oryzae were used 
in the various tests: No. 603, Race 2 (14, 15). and No. 
640, representing a hitherto undescribed race. The 
inoculation apparatus consisted of a 6 & 6 3-ft. 


wooden base cabinet housing a turntable and support- 
5 ft 


whic h 


a sheet metal cylinder high and 2% ft. in di- 


The 


bore at the periphery 8 tapered slots to accommodate 8 


ameter, turntable, was 5 ft. in diameter, 
pots of plants in a horizontal position. The plants were 
positioned so that the leaf blades were oriented under 
ot 


of spores was discharged upward into the tower by a 


the center the cylinder. A predetermined quantity 
CO. pistol provided with an adapter that directed the 
blast vertically through a small hole in a baffle plate 


the Phe 


baflle was kept in position for 1 minute after discharge 


between turntable and cylinder. movable 
to intercept any spore clumps that might be present. 
he plate was then removed and the leaves exposed 
to the 1] after the 
test plants were transferred to dew cabinets (16) at 
80°F. After 16-18 hours. 


to a greenhouse for an additional 4-6 days prior to the 


spore shower for minutes, which 


the plants were transferred 


counting of the lesions on the laminae. 

The absolute number of lesions per unit area was 
determined factors, including the density 
of the spore discharge, which varied from experiment 
Consequently, comparisons of lesion 


by sey eral 


to experiment. 
was issued March 31, 1958 
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vidual experiment 
to the nearest 0.1] 
pass a 20-me sh scree! 
substituted for 
the blades of the 


the ground samples 


leaf weighing less 1 


The method uses 


dese ription of the 


EXPERIMENTAI 
Growth curves 


plants cultured in 


the first seedling 


SUusce pttbhility to 


susceptibility ot eact 


ot the prec eding 


may actually differ 


If the plant is 
that all the emerg 


and leaf position 





creasing from the younger upper leaves toward the 
older basal leaves. In older plants. however, the gradi- 
ent tends to disappear. and the plant as a whole be- 
comes resistant because of the decreased maximal 


susceptibility and duration of susceptibility (Fig. 3), 





fhsorption of silicon and relation to growth.—The 
rice leaf can accumulate Si in very large amount. 
Figure 5 illustrates the results of an experiment in 
which plants were cultured in nutrient solution with 
or without added silicate. Accumulation by the leaf 
ippears to continue indefinitely if the root is pro- 
vided with absorbable Si. There was no consistent 
evidence that either the growth rate or the final size 
of the leaf was influenced by addition of silicate to the 
medium 

The amount of silicon accumulated by a leaf varies 
directly with the concentration of supplied silicate up 
to about 60 ppm (Fig. 6). Concentrations of Si in the 
leaf as high as 7 per cent of the total dry weight were 
found in high-silicate cultures with complete nutrient: 
even greater concentrations occurred under conditions 
of nitrogen deficiency. 

The Si status of the leaf is closely responsive to the 
external silicate supply. For example. in 1 experiment 
the fifth leaf blade of plants on a low-Si nutrient ( ) | 
ppm) contained 0.77 per cent Si 3-4 days after attain. 
ing maximal length. Some of the plants were then 
transferred to nutrient containing approximately 115 
ppm Si. The leaves of these plants absorbed Si rapid- 
ly and their content rose in 5 days to 5.14 per cent, 
whereas that of the low-Si plants was virtually un- 
changed (0.82 per cent). 

he foregoing results indicate that the Si content 
of various portions of the “normal” rice plant may 
vary within wide limits. depending on the availability 


of absorbable Si and of other elements in the reot 


Stock solution nutrient solution 
Component Concentration \ B 
KH.PO 1.OM l 
KoHPO LOM 
K.SQ 05M , 

Cat NO LOM 5 

CasSQ, () 34 liter 
VicsO LOM 9 Ys 
Prace elements ] ] 
FeEDTA 3000 ppm | | 
NH.NO LOM 0-7.5 
H.SO 25% (v/v) 0.0.88 00.44 
Na SiO LOM 0-4 (0.2? 
NaSO LOM 04 0.2 


\ solution used in experiments in which Si supply was 


8 solution used in experiments in which beth Si and N 


<UDDIVY Were varied, 


Stock trace element solution contained 2.86g¢ HBO), 
18le MnCl.4H.O, 0.22g ZnsSO,7H.O, 0.08¢ CusO,5H20. 
and 0.02¢ H.MoQO,-H.O in 1 liter water 

Ferric ethylenediaminetetracetate 

0.22 n for each ml of 1 M NaoSiO, added 


Four n inus the number of ml of 1 M Na.SiO, added 
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environment. 
Relation of silicon to blast—The resistance to blast 


of plants cultured in nutrient solution can be increased 
greatly by addition of silicate. In young leaves, resist- 
ance appears to be related directly to the concentration 
(Fig #) 


in the nutrient solution ; 
‘ases rapidly and 


ot silicate 
its resistance inc! 


As the leaf ages, ¢ 
1 x 
—— 





mo | 4 
6c ; | 
a+ | | 
‘ m4 | 
5 so+ (Tt { 
bs 
So 
< w 
@ 40+ wm | 4 
f | « 
a  - | 
~ | 
onl, _ . | | , 4 
hee | | | 
° + , | | 
=r | | | 
i | 
©) m | 
2 20r + | | 4 
be I f j | 
. 
. | 
wT ’ ¢ | 
+ | ¢ | | 
Re, |_| 
ae an See a oe ‘oe f L, 2 
°) 2 °) 40 S 60 
DAYS AFTER SEEDING 
. ra 
2 oY 
| @ 
& 
440 ~ 
s RES!STANCE 5 
a / | § 
a 
9 | @ 
x } ad 
wW Wi 
a 19+ s £ J 
nr 4 a : ‘ ® | 
r WEIGH | ro} 
2 Y 420 
= Pd i te 
T) - = 
Ww S 
a | @ 
5 41 = 
a > 
ft it 4 
ve) | oa 
we . } 

90+ ae — - a - 4 40 

3 5 ? 9 3 
AGE OF LEAF (DAYS) 

Fic. 1-4. Fig. 1. Growth curves of successive leaves of ¢ 
designated I, second leaf II, ete.--Fig. 2. Growth curve and 
tion culture, Piricularia strain 640.-Fig. 3. Rel 
tern of susceptibility of various leaves of rice plant 


603 





lation of blast susceptibility to position and age of rice leaf. 


ts at several ages from planting 
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becomes virtually complete whether the silicate supply 


is large or small (Fig. 7). Presumably the resistance 
depends upon the Si content of the leaf up to a quite 
definite level: once this level Is reached, resistance is 
be further 


his 


practically maximal and obviously cannot 


increased by additional absorption of Si situa- 


is illustrated by Figure 8 


tor 
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out the course of the experiment. Withholding of nitro 


gen, however, did permit the absorption of a signifi 
cantly larger amount of Si when the latter was sup 


plied in abundance. The number of lesions/em* cor 
N content 
Another indication of the effect of nitrogen supply 
held 


0 workers 


related with the Si content but not with the 


on Si uptake was obtained from a experiment 
Dr. E. C. Tullis and « Zenith 
rice Was grown in soil at various levels of N fertiliza 
Table 3, the Si content 


percentage 


conduc ted by 


on either an 
markedly 
Hence. 


tion. As shown in 


absolute or a basis. was greater 


in the leaves of the minus-N plants. there is a 


strong suggestion that the often-observed influence of 
N fertility on blast may be related directly to the 
amount of Si absorbed. 

Discussion.-Inasmuch as penetration of the rice 
leaf by Piricularia oryzae is ordinarily through the 
cuticle rather than via the stomates (24). it may be 


assumed that during the process of hyphal penetration 


there is an enzymatic degradation of cell-wall com 


lignin. and sub- 
that 


constitutents 


such as cellulose, 


It seems not unlikely 


ponents pect 


stances chemical modihea 


would result in 


ittack 


has demonstrated that the Si in oat 


tion of such = structural 


diminished susceptibility to enzymatic 


Engel (7) straw 


is present in at least 3 forms: 1) an insoluble poly 
merized silicic acid: 2) a soluble inorganie Si fra¢ 
tion: and 3) an organic-Si complex, consisting of a 
rather stable. esterified Si-galactose unit loosely asso 


ciated with other organic constituents and phosphorus 
Of special significance is the fact that the molar ratio 


of S10. to galactose changes from 1:1 in immature 


oat straw to 2:1 in mature straw. whence Engel sug 
gests the existence of a series of SiQ.-sugar compo 
nents 

If it is assumed that Si is incorporated into the 


a work 
ing hypothe <is mav be propounded to ¢ x plain the rela 
blast. Briefly. it 


organic structural components of the rice leaf. 


tionship between Si and resistance to 
postulates the production in the leaf of 1 or more com 
ponents. X. that by 
form complexes, X\-Si 


union with inorganic Si may 


either before or after being 


incorporated into the cell wall. These Si-containing 
constituents of the cell wall are assumed to be rela 
tively resistant to enzymatic attack by the penetrating 
hyphae. thereby limiting the infection at the penetra 
tion stage 
According to. the hypothesis, X is produced and 
Parut , Suscept iiit fo bas t/ eat iI 
j fa Calor ice plar a need ¢t the 
itroge and siltcor 
Analysis of leaves 
Evespot lesions at ino ilation§ date 
Nut nt persq.em N hd | 
Minus N. Minus Si 5.0 Wy 0.48 
Minus N,. Plus Si 2.3 ) » 12 
Plus N. Minus Si 7.4 5 0.35 
Plus N. Plus Si 4.2 0 1.32 
Averages ot 2 replications 
Estin iter l¢ 
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laste 3 Si/icon content of the uppermost leaves of 35 
day-old, field-grown Zenith rice receiving various 
evels i nitrogen tertilizer 
“Silicon content 

Nitrogen fertilizer leve Percentage of 
(Ib. per acre) g per leaf drv weight 

0 0.40 0.78 

100 0.19 0.44 

sO0 0.20 0.42 

kach figur = the ‘ ! duplicate leaf samples 


incorporated into the wall during the period of active 
cell growth and wall formation. Its production may be 
presumed to be influenced by the nitrogen status of the 
the 
of X by shunting carbohydrate precursors toward the 


leaf: an excess of nitrogen might limit synthesis 


svnthesis of nitrogenous constituents as well as by 


diminishing the uptake of Si 
X-Si 


pected to depend also upon the concentration of sili- 


Ihe rate or amount of formed would be ex- 


ite in the cell during the growth phase. 


This hypothesis appears capable of explaining all 


the factors shown experimentally in this study to in 
fluence susceptibility—supply of silicate and nitrogen 
age and position of leaf 1) The decreased suscepti 
bility occasioned by supplying silicate is due to an in- 
crease in the amount of an organo-silicon constituent 
of the epidermal cell wall that renders it less easily 


ittacked by 


susceptibility that accompanies high nitrogen supply 


the fungal enzymes. 2) The increased 


is due to a decrease in the amount of the postulated 
organo-silicon constituent, presumably because of in- 
terference by the nitrogen either with Si uptake or 
with the formation of the precursor of the complex 
>) Under the usual cultural conditions, the relatively 
small amount of Si required to render the cell resist- 
ant to attack is available and becomes iIncorpor ited 


into the wall early in leaf ontogeny: this explains the 


observed rapid increase in resistance as a leaf ages. 


1) Because the Si combines with the wall component 
principally or exclusively during the early stages of 
leaf growth. this union will be the more nearly com- 
pleted the longer the period of leaf development 


within the sheath bundle prior to its emergence; hence 


the leaves of higher position exhibit less susceptibility 


of emergence 
BrococicAL WaArPrARE LABORATORIES 
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FREDERK K. \I ARYLAND 
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ACTERIAL STEM ROT OF PELARGONIUM! 
Scheffer 


SUMMARY 


FACTORS AFFECTING DEVELOPMENT OF 
\. Kivilaan and R. P. 
\ high percentage of commercially available 


pelargonium stocks carry Aanthomonas pelargonii 
in a latent form. Twenty-six per cent of 600 plants 
of 6 kept under conditions favoring dis- 
but precluding 
developed stem rot within 3 months. X. pelargonii 
did not attack plants outside the geranium family. 
found to differ 
host 


The pathogen was isolated from vessels of 


varieties, 


ease development disease spread, 


Isolates of the causal organism were 
qualitatively and quantitatively in effects on 
plants. 


inoculated plants but caused stem rot only when 


parenchyma was invaded. Root invasion was dem- 


onstrated. Disease was favored by high tempera- 


tures: symptoms developed slowly at 10° C night 
temperature, developed faster at 21 
killed plants at 27 
and above optimum for growth enhanced disease 


development, as did high N, high P. and 
Symptoms were inhibited by high K. 


and rapidly 
Mineral nutrient levels below 


low Ca. 
low P. high 
Ca, and balanced nutrient solution at optimum con- 


centrations for growth. 





Pelargoniums once were comparatively free of de- 


structive diseases. but in recent years serious losses 
have resulted from bacterial leaf spot and stem rot 
(hlight Pe 4 tused by Yanthomonas pelargonii (Brown) 


Burk. 


and are 


known for 
Today the 


pathogen can be found in most commercial stocks, and 


These diseases have been 


distributed. 


Starr et 
many vears widely 
the diseases have become limiting factors in produe- 
lion. 

Very little 
factors on blight development, although other aspects 

studied 
) 


(2) considered the disease of little « msequence unless 


is known of the effects of environmental 


of the disease have been thoroughly Brown 


plants were weakened by rapid growth, high tempera- 
ture. or high humidity. Munnecke obtained information 
on the host range, varietal susceptibility, latent infec- 


tions in cuttings. and dissemination (7) and on sur- 


vival of the organism in soil (8). In general. his re- 
sults agreed with and extended the findings of Hell- 
mers (4 

The original habitat of pelargonium was the Great 


Karroo region of South Africa. Jurassic soil with high 
potassium. moderately high altitude with cool nights 
ind hot days. and low rainfall are important charac- 
teristics of the Great Karroo environment (1). Such 


factors should be considered in a study of environmen- 
tal effects 
rieties of pelargonium (Pelargonium hortorum Bailey. 
P. zonale Ait.. P. peltatum Ait.. and P. 
but all seem to do best in an environment 
that of the habitat (An 

was made in the present work to evaluate the role of 
host. 


on diseases. There are many cultivated va- 
domesticum 
Bailey ) 
original 


resembling attempt 


certain environmental, and pathogen factors 
affecting disease development. The primary aim of the 
project was to learn the optimum conditions for dis- 
ease that 
stocks selected. 


trition. and latent infections received special emphasis. 


development so disease-free propagating 


could be Temperature, mineral nu- 


\ preliminary report has been published (5) 
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Journal Article 2028. 
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MATERIALS AND METHODS.—Pelargonium hortorum 
var. Ricard was used in most experiments, since it is 
blight 
of Better Times and Radio Red varieties and seedlings 


of P. 


order to eliminate plants with latent bacterial infec- 


moderately susceptible to bacterial Cuttings 


hortorum were used in some experiments. In 


tions, rooted cuttings in 3-in. pots were kept for 3 
weeks at 27° C night temperature. During the pre- 
experimental period, all plants were watered daily 
with distilled water and fed weekly with a nutrient 


solution. 

Yanthomonas pelargonii was isolated from infected 
pelargonium stems. Stock cultures were kept at 4°-6 
C on autoclaved potato plugs from which fresh cul- 
tures for inoculum were started on potato-dextrose 
broth. Isolates most frequently used were kept also in 
stock plants for reisolations when needed. Inoculum 
hours on 


Patho- 


was prepared from cultures grown for 48 
potato-dextrose broth under constant shaking. 


genicity of cultures was checked at intervals. 


Stems of test plants were inoculated by puncturing 


the with a needle and inserting a small cotton 


plug dipped in bacterial suspension. This method was 


stem 


selected after preliminary experiments showed that it 


was superior to several other methods, including in- 
jection through hollow glass microneedles. In some 
cases, leaves were inoculated by applying bacterial 


suspensions with an atomizer, after which plants were 


kept in a fog chamber for 48 hours. 


Gallegly and Walker's solutions (3) were used to 
determine the effects of nutrient concentration on dis- 


ease development. The basal (1H) solution was re- 
duced to one-tenth (0.1H) and to one-half (0.5H) and 
increased 2 (2H) (3H). High-nitrogen, 


high-phosphorus, and high-potassium solutions were 


and 3 times 
prepared by increasing the amounts of the respective 
ions contained in the basal solution by 3 times. Solu- 
tions for low nitrogen, phosphorus, and potassium were 
prepared by decreasing the amounts of these ions con- 


normal. All 


Osmotic 


tained in basal solution to one-third of 


other constituents were kept at 1H_ level. 
pressures of the solutions were kept on the same level 


NaCl. All solutions 
microelements (A-Z 


by adding calculated amounts of 


ontained the same amount of 
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solution ) (3) Basal lH MULIOT was considered 
as the high-calcium level. For the medium level. cal 
cium was reduced to one-fift 1 for the low level to 
one-seventeenth the caleiun f the normal solu 
tion, 

Sodium sequestrer ftten is used as a 
source of iron, was found t ery toxic to pe lar- 
goniums. For this rea ket 6H.O was used as 


the iron source 


For nutrition Ricard ) 


experime! tings (var 
were selected for uniformit 1 were grow! inde! 
uniform conditions preceding oculation. Roots were 
washed and the plants were set clean white silic: 
sand (grade No. 4) in 8 ed clay pots. Eacl 
pot was provided with a siphon for drainage in such 


a way that about 750 ml was indrained in the bot 


tom (3). Four rooted ¢ f planted per pot. 


After 4 weeks, during whic the plants were fed daily 
with 0.5H solution ind =the i | flushed weekly with 
distilled water, plants wer ( ore selected for 


uniformity. Scions were take from each plant for 
virus indexing since certair diseases are known 
to affect bacterial blight development (6 After be 
ing fed separately for 30 days at the various nutrient 
levels, all plants were stem inoculated with a virulent 


isolate. In all nutrient experiment plants were fed 


daily and watered once a week with distilled water to 


minimize possible salt accumulation in pots 

The experimental desig: ed was a randomized 
block with 3-7 replicatior lepending on the number 
of treatments. Each treatment thus contained 9-15 


pots, with 36-60 plants Disease re idings were taken 


50 and 90 davs after noculatio only the 0-day 
readings were analyzed statistically These readings 
were based on the following classification: 0—healthy 
10——slight but positive sympton 20——-slight darken 


ing ot stem. occasion il parti i] wiltin ot le ives: LQ) 
blackening of 
black 


severe stem rot: LO0O-——-dead 


stem she ddir C t lower! le ives 60 


stem rot witli oOccasiol til necrosis pare) 
Host FACTORS Tissues ff f ne movement of 
bacteria in plants The possibility of root infection 


from infested soil is important. and root inoculations 


were attempted. Seedlings of P rforum were grown 
in 3-in. pots so that the 1 n root penetrated through 
the hole of the pot lwent plants were inocu 
lated by dipping the free roots icterial suspensions 
in flasks below the pot Root f 25 control plants 
were dipped in water SP Ve tee} plants developed 
positive stem rot symptoms as a result of root inocula 
tion. 

There is some question as to whether XY. pelargonii 
is a systemic pathogen or a pat hyma invader: leaf 
spot is believed to involve strictly parenchyma invasior 
(4). Ninety Rieard cutting iverage weight 15 og 
each) from stock pl ints tree of el rot were allowed 
to take up bacterial suspens 100.000 cells pet 


ml) ot isolate 182 bv transpll il pull for 24 hours 
after which they were placed sterile sand 1 
pots. Another group of 45 « s was kept as non- 


inoculated controls 


Vol. 48 


bacteria 
half the 


2.5- and 


that 
treatment, 


immediately after inoculation showed 


vessels. A week 


inoculated cuttings were perforated at the 


were In after 


cm levels above the soil line. Five weeks later, 38 
inoculated but unwounded (except at the cut end) 
plants showed basal stem rot but no rot at other 
places. Of the 45 wounded plants, 35 had basal stem 


rot, 21 had rot at the 2.5-em wound. and 8 had rot at 


the 5.0-cem wound. The pathogen was isolated from 


the vessels of all inoculated cuttings. Microscopic eX- 
deterioration of 
parenchyma in beth pith and cortex. All 45° check 
The re- 


needed for rot to 


aminations of rotting stems showed 
plants formed roots and were free of disease. 
that 


start, even though the pathogen is in the vessels. Rot 


sults indicate wounds may be 
frequently starts near stipules and at leaf scars. which 
seems to support this observation. 

[wo groups ol 25 cuttings each (var. Ricard) were 
illowed to take up bacterial suspensions for 24 hours, 

washed. sur- 
(1:1000). and 
soil. The 


inoculated but 


Basal ends of cuttings in | group were 


face sterilized with mercuric chloride 


placed in 3-in. pots containing sterilized 


other group of 25 cuttings served as 


After 5 
mercuric chloride 


otherwise untreated controls. weeks, 7 cut- 


tings from the group treated with 
had typical basal stem rot and 18 were normal. where- 
as 16 plants from the control group had stem rot and 
9 were normal. The pathogen was, however, present 
in the symptomless plants, as determined by isolations. 
These tests further support the suggestion that even 


though \ 


in contact with parenchyma before external symptoms 


pelargonii is present in vessels, it must be 


develop. 
The ability of vessels to conduct bacteria was deter- 


mined by isolations. Cuttings from plants (var. 


Ricard) about 15 em long and knewn to be free of 
stem rot were allowed to take up bacterial suspensions 
by transpirational pull. After the plants had taken up 
inoculum for 6, 12. and 24 hours, isolations were at- 
most 


1iter 


tempted from stems. petioles. and leaves. In 


bacteria were present in the stem vessels 
were left for 6 


a few cases, the pathogen was found in 


the cuttings hours in bacterial sus- 


pension. In 
petioles of the lowest leaves of cuttings left in suspen- 
sion for 24 hours, but it was never found in leaf 


blades. 


In another test. the movement of bacteria was traced 
apie lt. {cidity of expressed sap of pelargoniums 


Tissues and plant parts used — pH 


=p es 
pe 


Pelargonium hortorum Diseased stem &.{ 
Healthy plants 
Leaf blade 1.9 
lop stem 1.8 
Middle stem 5.0 
Bottom of stem 9.6 
Center of stem 
Pith 1. 
Xvlem 5.1 
Cortex 5.3 
P. melissimun Healthy leaves 3.3 


The seedlings used were 18 months old 














April, 1958 


in plants (var. Ricard) inoculated by inserting the 
pathogen into the stems by means of cotton plugs. \t 
50 and 100 days after inoculation, the stems above the 
point ot inoculation were cut in sections and isolations 
were made. The pathogen moved as much as 15 cm 
in 50 days and up to 25 em in 100 days. The pathogen 
moved independently of symptom expression and was 
found well above rot, indicating a true systemic char- 
acterist Petioles seldom were invaded 

There is some difference of opinion regarding ability 
of the pathogen to become systemic from leafspots (4, 
isolate the 


pathogen from green leaf tissue surrounding bacterial 


7). Eighty-seven attempts were made to 


leaf spots, and 123 isolations were attempted from 


petioles of heavily spotted leaves. Results were nega- 
an indication that X. 


tive in all cases. pelargonii does 


not become systemic from leaf spots. 


Some pH _ factors——The lower pH limit for growth 
of X. pelargonii in potato-dextrose broth was found to 
be pH 5.6, whereas the upper limit was pH 8.4, which 
with previous findings (2). Although 
still 


agrees closely 


the bacterium was sensitive to acid, it grew in 


pelargonium plants with a sap pH well below the 
lower limit for growth in culture (Table 1). The 
acidity of plant parts varied somewhat: sap from 
leaves was always more acid than sap from = stems, 


lower parts of stems were less acid than top parts of 
stems, and pith sap had a lower pH than did cortex 
sap. This variation may or may not explain the rela- 
tive susceptibility of various plant parts and tissues, 
since sap from diseased portions was alkaline (Table 
1). Presumably. this was the result of infection. 
Prevalence of latent infections in commercial stock. 
One 
were obtained 
Initially, all 
potted in 


varieties 
sources in Michigan. 
healthy. 
spaced on a 


hundred plants each of 6 common 


from commercial 
plants appeared to be They 


were individual pots, well 


steamed bench. and were carefully watered to prevent 
Night 


temperature in the greenhouse was maintained at 22 


wetting of foliage and spread of pathogens. 
C. Plants that developed possible symptoms were sepa- 
rated from the group and isolations were made. Within 
3 months. the following percentages of plants of the 6 
varieties developed blight symptoms and in each case 
Red, 77; 
Red. 9: Irvington Beauty, 4; 
Fiat, 13. The 
infected plants in a stock is an important 


the pathogen was isolated: Radio Ricard, 


23: Olympi Enchantress 
latently 


factor in 


) 


Supreme. 32: and number of 


subsequent disease development and spread. 


Host range—-The main purpose of these experi- 
ments was to find other hosts that might harbor the 


Organism as a source of inoculum for 
Hellmers (4). Munnecke (7). Starr et al 
have previously determined the hosts in the 


pelargonium., 
(11) 


geranium 


and 


family and found susceptibility of various degrees in 
species: Pelargonium hortorum Bailey, 
Bailey. P. peltatum Ait. 
maculatum L., G. pratense L., G. 


the following 
P. domesticum Geranium 
sanguineum L., G. 
and G. 
Plants of 93 species belonging to 40 families were 


attempted after 1-2 


sylvaticum L.. vedoense Franch. et Sav. 


and reisolations 


ino ulated 


were 
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months. Inoculations of at least 3 plants of each 


species were made in greenhouse or in plants grown 
When 


reisolations, 


out-of-doors in midsummer. gram-negative 


recovered — by patho- 
tested by disease-free 


Ricard plants, None of the inoculated plants developed 


organisms were 


genicity was inoculation to 


disease symptoms nor were pathogenic isolates recov- 
ered. Tests were made with the following species: 
GRAMINEAE—Zea Dactylis 
CyPERACEAE—Carex sp.; Litiaceat—Lilium regale 
Wils., L. canadense L., Hostea sp., Hemerocallis sp.; 
\MARYLLIDACEAL IRIDACEAE 


Hort.; 


mays L. glomerata L.; 


poeticus L.: 
Gladiolus 


Vare is SUS 


Iris kaempferi Sieb.. hybridus 


SALICACEAE—Salix babylonica L., Populus alba L.; 
UrticackAk—Urtica gracilis Ait... Ulmus americana 


L.. Cannabis sativa L.: PoLyGonackarE—Rumex aceto- 


S¢ lla | oe 


fentum 


Polygonum persicaria L., Fagopyrum escu- 


Gaertn.; CHENOPODIACEAE—Chenopodium al- 


bum L., Atriplex patula L., Beta vulgaris L.; AMARAN- 
rHACEAE—Amaranthus sp., Celosia sp. var. Golden 
Fleece; NYCTAGINACEAE—Mirabilis nyctaginea Mac- 


PORTULACA 
Del. 
Paeonia officinalis 
Cheli- 


Cham.., 


M.; CARYoPHYLLACEAE—Dianthus  sp.; 


CcEAE—Portulaca oleracea L.: RANUNCULACEAI 


phinium sp., Aconitum napellus L. 
L.. Nigella sp.. Thalictrum sp.; PAPAVERACEA} 
Eschscholtzia 
Papaver orientale L.; CRUCIFERAE 
Br.; CRASSULACEAE 
SAXIFRAGACEAE 


donium mayjus L.. californica 
Brassica oleracea 
Sedum 


Heu- 


Valus sp., Rosa 


L.. Barbarea vulgaris R. 


spectabile Boreau; Ribes sp., 
chera sp., Hydrangea sp.; ROSACEA! 
LEGUMINOSAI Robina pseudoac a- 
Lindl. faba L.; 
Euphorbia pulcherrima Willd.; BAt- 


MALVACEAE 


sp.. Fragaria sp.: 


cla | oq } icta 


Lupinus polyphyllus 
EUPHORBIACEAE 


SAMINACEAE—I/mpatiens sp., Balsam sp.; 


\ithaea rosea Cavy., Abutilon Theophrasti Medic.., 
Hibiscus sp.; Lyturaceat—Lythrum salicaria L.; 
ONAGRACEAE—Oevcnothera = sp.:  UMBELLIFERAR-——Dau 
cus carota L.; ApocyaNaceak—Vinea rosea L., V. 


ASCLEPIADACEAE 
CONVOLVULACEAE—Convolvulus 
Phlox sp.: BORRAGINACEAI 
Vonarda 
VERBENACEAI 
hybrida Hort.. 


Lye opersu on 


minor | ~s svriaca L.: 


POLE- 


{scle ptas 
arvensis | 2° 
MONIACEAI Cynoglossum 


sp.: LABIATAE didyma_ L., Salvia sp., 


Leonurus cardiaca L.: Verbena sp.; 


SOLANACEAE—Petunia Vicotiana sp., 


sp.; 
) 

majus | PLANTAGINACEAI 

DIPSACACEAI 


Solanum tuberosum | SCROPHU- 


LARIACEAI {ntirrhinum 
Plantago lanceolata L.: Scabiosa sp.; 


CUCURBITACEAE—Cucumis sativus L.: CAMPANULA- 


cekak—Campanula sp.; Compostrart—Lactuca scariola 
{mbrosia artemisifolia L.., 
{chillea 
L... Cosmos sp. var. Firestick, Zinnia sp. vat 
Stick, Calendula sp., Dahlia sp., 


sp., Tagetes sp.. Gaillardia Sp.. ( entaurea sp.. Gerbera 


L.. Cirsium lanceolatum | 


Erigeron sp., Arctium lappa L.. millefolium 
Pepper- 
mint Dimorphotheca 
Ram., 


Echinops Ritro L., and Heliop- 


jamesoni. Bolus... Chrysanthemum maximum 
Rudbeckia laciniata L.. 
SiS sp. 

ractors._-Bacterial isolates.—Observa- 
isolates of X. 


there were differences in ability to produce stem rot 
or leaf spot. Therefore. single colony isolates 99, 138, 


PATHOGEN 


tions of many pelargonii indicated that 
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Papo 9 {hilit j A, \ +} a PasLte 3 Stem rot development in inoculated pelargoniuum 
pelargonii t 1 ; plants (var. Better Times) subjected to different 
night temperatures 
Average disease indices* at indicated 
Isolate No Radio R ica Seedlings Weeks after ee 
' ilati lov 16°¢ 21°C 27°( 
Qy 
th) 0 ] 0 0 0 18 
18? ) 0 0 2 7 
2 } 8 84 
Symptoms indicat if spots I ad | 10 12 100 
l. very few leaf spot I t if tor ; 8 19 9 100 
tion: 3, heavy leaf-sy 1] 62 8 83 100 


Each entry is the average index for 25 plants. Index 


and 182 from differe e ources were com based on the following classification: O healthy, 10 
pared for relative abil <tr rot in cut slight symptoms; 20 = slight darkening of stem; 40 
tings of Radio Red and F j ;' + eedlir = blacke ning of stem, shedding of lower leaves: 60 stem rot, 
“yp nee Saveuiedive oP te eee occasional tip necrosis; 80 severe stem rot; 100 dead, 
riety. were stem-inoculated l of the 3 isolates 

Results taken 4 weeks aft ilation showed that fer from stem rot mostly during the summer months. 
isolate 182 was most ilent ereas isolate 99 was Later, with declining temperatures, disease develop- 
the least pathogenic of the LA ment is slower than in the summer and the general ap- 

Leaf-inoculation tests wet ed the same host pearance of the plants is considerably improved. 
varieties after severa ce ilut plate. single These observations indicate that temperature has a 
colony transfers of isolat WY ind 182. Isolate lecisive influence on disease development.  Experi- 
182 again proved to the rst ithogeni Lusing ments were devised to gather data on this point. 
leaf spot on all 3 hosts 99 did not cause leaf The effect of temperature on growth of noninocu- 
spot on any of the 3 rietie ible 2 Variability lated seedlings was determined first. Twenty-five seed- 
in producing leaf spot triking than vari lings of P. hortorum in 3-in. pots were kept at 27° C 
ability in causing stem rot night temperature and another group of 25 plants at 

Effect of age of rures ! Stock cul 21° night temperature. Day temperatures were not 
tures of isolate 182 of \ potato-dextrose inder strict control but were never lower than these 
broth were kept at 9° ¢ 6. and 12 months values. After 4 weeks of treatment, plants at the 
Fresh cultures in pot extrose broth were started higher temperature had made less growth than had the 
from the stock culture t difterent ves ind sten othe group and had developed chlorotic leaves, 
inoculations were mad R 1 plants. Ten plants whereas plants kept at 21° were normal in appear- 
were inoculated with ear ture and the experiment ance 
was repeated with 2 mor plants. All inoculated In a second test, 30 plants (var. Ricard) in 5-in. 
plants developed stem rot rdless of the age of | pots were kept at 27° night temperature and another 
bacterial stock cultures ed. When the same cultures equal group at 2] night temperature. After 4 weeks 
were used for leaf inoculat wever, there was a of treatment, both groups were stem-inoculated and 
decrease in reaction wit ig age of bacterial kept at 21° night temperature. Four weeks after inocu- 
stock culture Plants inocu 1 with bacterial sus lation, the average disease index for the high tempera- 
pensions from | ind 3-montl | iltures deve lope d ture group Was 12 whereas the index Tor the 2] proup 
typical bacterial leaf spot. is those inoculated was 19, showing that plants predisposed by high night 
with suspensions trot 6- a -month-old cultures temperature were more susceptible than were those 
seldom produced symptoms not predisposed. 

ENVIRONMENTAL FACTORS.—-R n of night ten Four groups of reoted cuttings (var. Better Times), 
peratures to disease ( Frequent observa 25 plants each, were stem-inoculated with isolate 138 
tions indicated that pelargeo: t our latitude suf ind exposed to night temperatures of 10°, 16°, 21 

—> 

Fic. 1. Stem rot devel: nium as affected by bacterial isolates and environmental factors. Disease index 
is an average value bas ng classification: 0 healthy; 10 slight symptoms; 20 slight darkening of 
stem: 40 blackening of st I f lower ives: 60 stem rot, occasional tip necrosis; 80 severe stem rot; 
LOO dead \) Relat ru of isolates 99, 138, and 182 of Aanthomonas pelargonti to cuttings of the varieties 
Radio Red and Ricard, a ti pelargor plants. Values are the average readings for 25 plants each taken 50 
davs after inoculation. B) ¢ , f disease development and growth of pelargonium as affected by nutrient concen- 
tration. Readings were take fter i ition. Fresh weights are those of noninoculated controls. C) Effects of 
high (H) and low (L) i iN, P 1K on ste rot development. The basal solution was 1.0 Hoagland’s solution 
(1H). Disease readings ih : ick ind 90 davs (dotted) after inoculation. D) Disease development and 
growth ot pelargon un is fT t ( n tt nut t solu n Values were taken 50 davs after inoculation W eights 


are those of noninos 
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and 27° C afte 


25 plants each were stem punctured and the wounds 
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readings were taken 1, 2, 3. 4, 
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were treated with sterile potato-dextrose broth. Disease 
>. and 11] weeks after 
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inoculation (Table 


first symptoms 7 d 


dead in | weeks 
for symptoms to 
development was 


hecame diseased 


perature were slow 


ease cde veloped late 


an unfavorable ten 
weights of pelarg 


of growth at the 


that 16 to 2] \“ 


contrast. the cau 


still 


Al 


r (la 
perature 
I 


mm in 


best on potato plugs it 24 


Relation of nutr 


opment.-Cuttings R 
teurized sand and lat 
were then pretreated 
the O.SH nutrient 
were again selected 
randomized blocks 
treatments (0.1. O.5 ) 
the test nutrient treat 
stem-inoculated wit 
grew best at the | wae 
0.1 H level. as det 
inoculation and 50 d 
in August. 

Disease indices 
showed that disease 
levels below optimun 
slowly at levels above 
2 H levels. the levels op 
Statistically, disease indice 
0.1 and 0.5 H treatment 
treatments. The d ( 
lv lower than the index 
nificantly higher tha H 
words. diseast dey | 
growth decreased and w 


favoring growth (1 
Relation oltn 


High and low 


potassium were com 


tests with plants gro 


treatments before 


1 
' 


temperature in the 
tion period was ke 
following inoculati 


time of inoculatior 


g for plants growin 


P, low P. high K 
weights of nonino 
inoculation day wet 


115 g. respective ly 


were recorded 50 and 


Statistical analysi 
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showed 
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high N and low indices, fol- 
lowed by low N and high P (Fig. l. C). Disease indices 


K gave highest disease 
of plants given high K and low P were not significant. 
ly different, and disease development was slower with 
these treatments than with any other unbalanced treat- 
During the second half of the 
disease development was faster in high-P plants than 
LG}. 


(var. Ricard) 


ments experiment, 
in any of the others (Fig. 


Rooted cuttings were grown In sand 


it low, medium, and high levels of Ca as described 
earlier. At the time of inoculation (June), average 


weights of the plants were 12, 21, and 37 g for low, 
high Ca, 


was terminated 50 days after 


medium, and respectively. The experiment 


inoculation, when the 
average weights of noninoculated plants were 16, 46, 


ind 127 ¢ for low, medium, and high Ca, respectively, 
The weight of Ricard plants increased linearly with 
increasing calcium in the nutrient solution (Fig. 1.D). 
Statistical signifi- 
cantly less (odds 99:1) disease development at high- 


Ca level than at the 


analysis of disease indices showed 


lower levels. which were not 
signiheantly different. The development of disease in- 


creased with a decrease in plant growth in this ex- 


1D). 


varieties of P. hortorum are sus- 


periment as in the previous experiments (Fig 


Discussion.— All 


ceptible to stem rot caused by \. pelargonii when 


tested by stem inoculations: however. varieties differ 


in resistance, since disease develops much more slow- 


ly in some varieties than in others. In commercial 
culture, the difference in resistance is sometimes more 
For example. many 
Radio Red has 


Better 


ipparent than real vrowers are 


Times and 


sure that the variety resistance 


and that the varieties Ricard are 


extremely susceptible. In inoculation experiments by 


Munnecke (7), Radio Red was highly susceptible and 


Ricard moderately so, whereas Better Times was one 


of the most resistant varieties tried. 


with those of 


Present observa- 
Munnecke. Differ- 


ences between observed resistance and experimental 


tions are in accord 


attributable to differences in the in- 
Better 


certain 


results may be 


cidence of latent infections. limes, being some- 


what resistant. mav under conditions have a 


high level of latent infection, and such infections re- 
sult in many diseased plants when conditions change. 
Radio Red is very susceptible and under the proper 
latent 
eased plants may tend to be eliminated. 


conditions may have few infections. since dis- 


were assumed to 
2). More 
spot can 
although 
The fact that cer- 
tain isolates of the pathogen will cause leaf spot and 


Formerly, leaf spot and stem rot 
be caused by different species of bacteria 
recently, experiments have shown that leaf 
he caused by the stem rot pathogen (4, 7) 
some workers never find leaf spot. 
stem rot, whereas other isolates cause only stem rot, 
may help to explain some of the past confusion. 
bacterial isolates in ability to 


Variation among 


cause leaf spot is even greater than variation in 
ability to cause stem rot. Several factors may con- 
tribute to the uniformly positive results from stem 


inoculation. Inserted cotton plugs act as reservoirs of 


inoculum protected from drying. Success in leaf 
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inoculations, in contrast, depends more on environ- 
mental conditions. Such factors may partially explain 
the decrease in virulence of an isolate (during stor- 
age} tested by but 


tested by stem inoculations. 


when leaf inoculations not when 
increasing 
the first 5 


disease increased 


Stem rot increased with 
from 10° to 27° C 
inoculation. Later, 
plants kept at 10 

mum temperature tor growth of a 
i 


temperatures 
weeks 


rapidly in 


during after 
the 
night temperature. Since the opti 
pelargonu is about 
growth 


and the optimum temperature for host 


«omewhat below 20°, disease development during the 
an effect of tem 
dis- 


caused by 


first few weeks seems to be primarily 
The later 


ease in the low-temperature plants may 


perature on the pathogen increase of 
in unfavorably low temperature that weakens the host. 
rates of rooted cuttings and 
this The effect 


night temperature on stem rot develop- 


Comparison of growth 


disease indices supports assumption. 
of high (27 
ment is useful for detecting pelargonium plants with 
latent infections 

Responses to nutrient concentrations also indicated 
that slow-growing plants develop disease more rapidly 
than do plants under optimum conditions for growth. 
Bacterial stem rot of pelargoniums behaves like the 


typical vascular diseases in its response to nutrients 


3. 12). the disease expression being approximately 
inversely proportional to plant growth. In other re 
spects, however, the pelargonium pathogen is not a 
Iv pu al vascular invader, since apparently no macro 


Scop svimptoms develop until the organism reaches 
parenchyma tissue. In infected pelargonium stems, 
the first visual symptom often appears near the 


stipules and at leaf-sears, which suggests that broken 
ends of vessels may serve as exits for bacteria. Once in 


the parenchyma, the causal organism destroys tissue 


it a relatively constant rate. and the weakest host suc 
cumbs first. 


Disease in plants grown in unbalanced nutrient 


solutions was again found to be correlated with de- 


creased plant growth. High-potassium plants hehaved 
similarly to high-caleium plants in stem rot develop- 
that 


rich in potassium and that there is 


ment. lt Is generally known actively crowing 


voung tissues are 


in accumulation of soluble organic nitrogen (amino 


vids and amides) in potassium-deficient plants (13). 


Since amino acids and amides are utilized readily by 


Y. pelargonii (2). their 


presence in low-potassium 
plants may favor growth of the pathogen. 

Plants in high-phosphorus solution developed dis- 
ease slightly faster than did those in low-phosphorus 
but 


phosphorus plants. 


later increased rapidly in high- 
Nightingale (10) found that the 
absorption of inorganic nitrogen was depressd when 


solution, disease 


available phosphates in the rooting medium were high. 


Plants grown under such conditions matured early. 


Current experiments have shown that old pelargonium 


plants and low stem portions are somewhat more 


susceptible to Y. pelargonii than are young plants and 
Fast 
of senility may be the reason for fast stem rot develop- 


top stem portions, respectively aging and onset 
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ment in high-phosphorus plants during the latter part 
of the experiment. 

Plants in high-nitrogen solution developed symp- 
toms more rapidly than did plants in low nitrogen. X. 
pelargonii is known to utilize nitrogen in the organic 
form (2, 4, 11). 
could thus expect fastest disease development in plants 
Nightingale (9), 


found that these contained very 


Everything else being equal, one 
highest in organic nitrogen. working 
with tomato plants, 
ammonium 
when grown in minus-nitrate solutions, whereas plants 


little organic nitrogen and no nitrate or 


grown in plus-nitrate solutions had substantial amounts 
Gallegly and Walker (3). work- 
ing under similar conditions with tomato plants, found 
that at 24°C 


more susceptible to bacterial wilt than were plants 


of organic nitrogen. 
plants in high-nitrogen solutions were 


in low-nitrogen solutions, 

rhe data presented here have immediate practical 
Infection by X. latent 
under conditions favorable for growth of pelargonium 
Thus, 
When plants are exposed to conditions unfavorable 
for host high 
favorable nutrient conditions. 


pelargonii may remain 


propagating stock can become contaminated. 


growth, such as temperatures or un- 
the latent infections are 
infected 


has 


expressed as stem rot, and plants can be 


that 
pelargoni if care 


eliminated. In practice, it been found such 


stock will remain free of X is exer- 


cised to prevent recontamination. 
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ETIOLOGY OF THE DEAD-ARM DISEASE OF GRAPEVINES 


. S. Pine? 


st MMARY 


The morpholog ral characteristics Increasing the souree of carbon in synthetic 
of the fungus ca lead-arm disease of media altered the cultural characteristics of the 
grapevines in California were investigated. and com 
Srapevencs a a “ee ng different isolates but uniformly increased the pro- 


parisons were made wit te of the pathogen 


collected in New York. Canada, and South Africa 


duction of scolec OSpores ove! that of pve nidiospores 





These studies showed that the binomial Fusicoccur in all the isolates. The scolecospores formed lateral 
viticolum Reddick nuld rejected in favor of protrusions after 4 or more days on water agar. on 
Phomopsis viticola Sa nutrient agar, or in water. 

The dead-arm disease re f has become ind. in green berries, it forms in the hypodermal 
increasingly important during the past decade in the parenchyma. Within these areas, pyenidia may arise: 
table-grape areas of e nol San Joaquin Valley these are set off indefinitely from the host tissue by a 
in California In ve f ere outbreak vields thick pse udoparenchymous stroma. The single pyenid- 
sometimes are only yt) or the normat All il cavity is it first discoid. becoming more ol less 
the vines in some irds « e Lodi district are globose as the body erupts through the epidermis (Fig, 
infected Although table-g irieties have been 1). The ostiole may be regular or lacking. the opening 
attacked for many ve rieties are wing then being an irregular tear. The entire inner surface 
increased incidence f se yinptor ind of the pyenidium is lined with sporophores of 2 types: 
the disease is spre id ra nto mportant 1) straight. apically pointed, 12-20 2u. bearing 
raisin-growing area Be reased activity hyaline py nidiospores (a spores) that are single, 
of the pathogetr t tal to study the elliptic il-fusoid. 8-10 O pbs acute at 1 or both ends, 
causal organisn ent, and control ind generally 2 guttulate; 2) short and straight. 5-8 
measures in an effort elr relationship lo. bearing at their tips hyaline scolecospores 
to the pathogen respor ease elsewhere (3 spores), that are filiform, hemate to flexuous, 
in the world The present leal vith research 22-30 l-l.5 yw (Fig. 1). The lining of the pyenidium 
on the causal orga may be convoluted, but it is not sufficiently so to form 

The disease was first re veddick in) 1909 t locular wall. Mature pyenidia range from 200 to 
as occurring in many rowll ireas oO] 00 u in diameter. Both types of spores are exuded 
New York (20 B 22 found in Michigan from the pyenidium in a thick, water-soluble matrix 
(1) and Kansas (29 later in Soutl that forms chracteristic yellow-white spore horns. The 
Carolina and Ohio (2 H lescribed the disease host epidermis surrounding the erumpent black pye- 
as “root-neck blight | 1924 (16 whereas nidia becomes darkened, then bluish. and eventually 
Drayton (7) mentions yal tit had beer row bleaches (Fig. 2). 
ing In Importance 192 Ontario, Canada. bh The perfect form of the fungus has not been ob- 
1935, Miles (18) reporte vt Mississippi served in nature or in culture in California. 

Hewitt (15 recorded { rornia ind du On potato-dextrose agar (PDA erowth was at first 
Plessis (8) found the disease South Africa, The white but became cream or tan at maturity. Sectoring 
following year van Poeter noted a similar occurred commonly. Pycnidia were sometimes scat- 
disturbance on ela use Holland, and in tered singly over the surface but more generally 
1937 Goidanich (9) dese1 l-arm in the Trieste coalesced to form large, black, multilocular bodies. 
region of Italy Cultures of the fungus derived from single spores 

Put CALSAI ORGANITS ‘ Or the septate prod iced definite mycelial. conidial and intermediate 
hyaline, branching my sus causing the — types of colony growth, as reported for other members 
dead-arm disease of California oncel of the Sphaeropsidales by Hansen (14). Colonies of 
trated in the cortex of s etioles, tendrils, and these types growing on PDA are illustrated in Figure 2 
cluster stems, genet iyers beneath the The fungus was observed and named Fusicoccum 
epidermis. It car Ove the leaf tissues ticolum bv Reddick in 1909 (20). This genus was 

chosen instead of Dothtorella since Reddick. at the 

I Accepted for pu ’ s time. believed the scolecospores to be paraplhiyses. and 

\ portion of a thes Col bale Dothiorella was described as lacking paraphyses In 
University of Califort 1) irtia itistactior I ‘ : = 
the requirements for t 1) f p sophy degree 1911. Shear (26) found a Pyrenomycete associated 

The author express 1) WwW. B with the dead-arm fungus. which he tentatively called 
Hewitt for his et Cryptosporella viticola (Reddick) Shear. Single-asco- 
work. spore cultures of this form gave pycnidia “practically 

* Former senio : , ' ienthe "ha vith those ) oduced trom Ve idios ores ol 
California, Davis: now Plant P t, CRD-ARS.USDA, ‘estical wit “a on eet ie 

for rj ticolum taken from diseased grape vines: however. 


L niversitv of Califor R I ( 
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- 
a 
Fic. 1. A. B) Pvenidium of the dead-arm fungus on grapes. illustrating 2 stages of development A) Early growth in 
the subepidermal tissue. B) Mature pycnidium, showing detached spores and the convoluted base of the chamber 80). 


(1) Spores | and 8) of the dead-arm fungus (240 





Fi 2 \) Segments of grape canes covered with pyenidia of the dead-arm pathogen. The host epidermis became 
stained bluish-black. then bleached: this is characteristic of infection (2%). B--E) Single-spore cultures of the Cali 


fornia isolate grown on yp tato-dextrose igal B) Mwycel il twpe ol growth () Conidial ty pe D, I ) Intermediate 


} 


growth tvpes 
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Shear was not able t 
imperfect, and lhe 
ments with ascospore 
Cryptosporella sta 
heen noted 

Later, Reddick 
is well as the latte 
spores 

In 1937. Goidani 
cal and cultural 
altered the name to P 
Was based Upor 
ly pu al of the ge i= 
this generic chang 
was entirely corre 
Diedicke (6), Das G 
von Hohnel (17 ind W 
venus Phomops 
mains concerning 
this very large genu 

The binomial Pher 
pre-empted hy Sa 
scribed a fungus 


Later. after erecti 


Fic. 3. Four isolates 


York isolate RB) ¢ 


PATHOLOGY Vol. 18 


hanged the name to Phomopsis viticola (24). Grove, 
in 1917 (10). observed the same fungus in England 
and gave it the same name. This repetition was real- 
ized by Grove in 1919 (11), and the authority for the 
binomial was thereafter given as Sacecardo. 

Saccardo s description of P viticola, restated in 


1931 (25). essentially fits the observations of the dead- 
irm fungus by Reddick (20. 21). Coleman (4). du 
Plessis (8). Grove (10. 12). Goidanich (9). and the 
present writer It should be noted that Saccardo’s 
1915 description was based upon material collected 
by H. D. House in New York and Massachusetts. this 
being the same area in which Reddick was working at 
the time Also. Grove’s 1919 description of P. viticola 

npelopsidis, which differs from P. viticola only 
in its lack of ability to color the host epidermis. was 
taken from material collected in New Jersey by J. B. 


I] 
iis 


Since there are no discrepancies between the original 


| 


1 
nie Observa- 


description of P. viticola by Saccardo and t 
ms made of the dead-arm fungus. as it occurs in 

California. the name Fusicoccum viticolum Reddick 
rejected in favor of Phomopsis viticola Sace. 


CULTURAL stUpiEs.—To extend studies of this patho- 
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gen to Isolates from beyond e grape-g vying areas 
{ Calitornia isolates ol the tungus Irol (_anada 
Ontario). South Atrica Italv. and New York were 
collected for comparison.” The Italia solate. tron 


the original collection ot Coidanich was found 


sterile and could not be used in these studies. Recent 
lv. Dr. D. F. Millikan. Ir.. submitted an tselate Tron 
Missouri for comparison; this was found to be the 
came as the Canadian isolate 

» ! \} in ina 


When the Canadian, New York 
Californian isolates were grown 
t oatmeal. and malt aga 


ornme il. nutrien 

sutoclaved grape canes, the rates of growth. color, and 

shape of mycelial mats, tin ind abundance of py 
found 


turation of spores were 


nidial formation, al d mat 


me tor all isolates When pve! lia of the 


» be the sam 
different isolates, trom growth on sterile grape canes 
were embedded in parafin and sectioned, no differ 


ences could be found in thew morphologu il characte! 
istics. Averages of spore sizes (both ind types 
were the same as for th California isolate. Germuinat 
ing spores Irol the different isolates were ndistin 


ishable 


the fact that observat 


The se studies ind 
svmpton itology ind pathogenesis ot the dead-arn 
lisease and = causal agent by workers in Canada 

For th securing the intr — 
thor is indebte to Dr. R. S. Dickey, ! ‘ | niversity 
Ithaca. New \ ‘ 1) ( ( ( hamberta 1) partmetr 
Agr ture, Ott Canada: Protessot Ant » ( irone 
Institut {i Pat gia Vegetale, Catania | ind, D 
Chris Ortter | <itv Steller < | f Ss } 
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"e 
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XN 
S. 
Ks 
Se 
Sil 
| afees ' ‘ter agar. The protrusions 
\ lia growing on ste! ed grape anes hol ) 
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ith Africa. and New York are in igreement, are 
vidences that | pathogen Is In mot} 
ticola Sace 


ion of B spores by the different isolates 


Phe product 


» PDA and on sterile grape canes varied 
cent. In order to 


from less 


1an | per cent to as much as 25 pel 


the technique of Nit 


iin them in larger quantities 


irgi (19 was repeated The basic nutrient used 
ntained 0.75 g magnesium sulfate. 1.25 g potassium 
phosphate, 2 g asparagin, al d ld g aga! in 1000 ml of 
distilled water fo this was added dextrose it 16, 32, 
64 ind 128 g pel! liter Single spore transters of 
the 4 solates were made to Pet jishes or to tubes ot 
this medium At the end of O Weeks water mounts 
were made of mature pyenidia, and the relative 


studied 
No differences were found In the cultures on media 
16 or 32 ner liter of dextrose j-spore pro- 


and | spore production 


imounts ot 


ontamineg - £ |] 
duction averaging 10 r cent or less for all isolates. 
\t 64 g per liter of dextrose, @ al d 
it 128 ge. at least 9O 


At the 64 and 


spores were pro- 


duced in almost equal num 
per cent were Pp spores I ill cultures 
o-g levels. some ot the @ spores showed a consider 
able enlargement of the cuttrels, to the extent that 
some spores were almost globose and had lost their 
original identity At 128 g ot dextrose x spores occa- 
sionally were exuded from the pycnidium with their 


The spores retained their 


sporophores attached | 


original appearance, except for a tendency to become 


slightly thicker thar sual in their central portion 
With the increase In carbon there was 
the cultural characteristics ol! the 4 


ime greenish-blae k, 


in appreci 
itpie change 1n 


lat The New York strain be 
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THE BEAN ROOT ROT COMPLEX IN IDAHO! 


Parul Chatterjee" 


stMMARY 


Five different genera of fungi were isolated from 
pean plants affected with root rot. All of the isolates 
that were demonstrated to be prime pathogens were 
identified as Fusarium solani {. phaseoli. There 
appeared to be 3 distinct physiologic and pathogeni 
types within this species. A histological study of 


infected plants revealed that F. solani f. ] haseoli is 


capable of entering plants by direct penetration, 
through the stomata on the hypocotyl, and through 
wounds. The mycelium developed within and _ be- 
tween the cells of the cortex and endodermis but 
did not penetrate the pericycle except in the case 


of very young branch roots 





Drv root rot is considered to be the major unsolved 


bean disease problem in the state of Idaho. It is so 
prevalent that it is almost impossible to find a nonin- 
fected plant growing in the major bean-preducing 
ireas. Although losses are minimized by good cultural 
practices, it is believed that yields could be substantial. 
ly increased if effective control measures were avail 


ible. Extensive tests have been conducted in recent 


vears (6) to determine feasibility of controlling the 
disease by soil applications of fungicide-fumigants, 
hut results have been so variable that practical recom- 
mendations cannot be made. It has been postulated 
that the varied responses obtained from soil treatment 
might be due to changing complexes of pathogeni 
organisms. This study was initiated to determine for 
Idaho soils the number and identity of pathogens 
that cause root rot symptoms and the pathological 
relationship of each to the bean plant. 

MATERIALS AND METHODS.—In order to obtain repre- 
sentative samples of pathogenic organisms from natu 
ally infested soil, a large batch of soil was removed 
from a bean field near Twin Falls during the late 
summer of 1955 and stored in the greenhouse at 


Mose ow. 


iture and moisture levels throughout the duration of 


This soil was kept at nearly constant temper- 


the experiments. Bean plants were grown in this soil 
in the greenhouse during the winter of 1955, and iso- 
lations were made from those with disease symptoms. 
During the summer of 1956, isolations were made 
from field-grown plants from the Twin Falls area. In 
the course of this study, 324 isolates were obtained 
ind identified. For purposes of identification, a sub- 
ulture derived from a single spore was obtained from 
each isolate, and all were grown under identical condi 
tions of medium, light, temperature, humidity, and 
time. The keys of Barnett (1) and Wollenweber and 
Reinking (10) were used for making initial identifica- 
tions. Three of the pathogenic subcultures of Fusar- 
Accepted for publication November 3, 1957. 
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ium were later submitted to W. C. Snyder for positive 
identification. 

\ pure culture of each isolate was tested for patho- 
genicity to Red Mexican beans in the greenhouse. To 
accomplish this, seeds of Red Mexican beans (UI-34) 
were planted in pasteurized soil at the rate of 4 per 
6-in. pot. Noninoculated controls were used in every 
experiment, and spec ial care was taken to prevent con- 
tamination by watering. Inocula of the isolates were 
prepared either by culturing on sterilized liquid media 
(9) or on plates of Difco potato-dextrose agar. In the 


former method, the mycelial mats from tl 


e liquid 


media were removed by aseptic filtration and dispersed 
into 500 ml of sterile distilled water. The soil was 
infested by adding 50 ml of this suspension to each 
pot. When agar plates were used for culturing the 
isolates, inocula were prepared by flooding each plate 
with 15 ml of sterile distilled water The spore sus- 
pension thus obtained from each plate was then added 
to a pot of soil. Each pot was infested at the time 
the seed was planted. Disease readings were made 
on sample plants removed from the pots at intervals 
of 3, 6, and 8 weeks after planting. 

\ modification of the method described by Kil- 
patrick et al (5) was used to study the development 
of disease symptoms. In the present study, surface- 
disinfested bean seeds (UI-34) were germinated in 
paper towels and the seedlings transferred to pint 
Mason jars. The seedlings were supported in the 
jars on artificially infested filter papers, and a small 
quantity of sterile Hoagland’s solution was added to 
support growth during the test period. Each isolate 
was tested separately in order to compare the develop- 
ment of symptoms. To determine the mode of entrance 
of the pathogens, their distribution within the host 
tissues, and the host response, histological sections 
of diseased tissues were made either freehand or after 
the tissues were embedded in paraffin. When the 
paraffin method was used, the tissues were fixed in 
formalin-acetic-alcohol and dehydrated with dioxane 
or tertiary butyl alcohol. They were embedded in 
Fisher's Tissuemat (m. p. 56°-58°C) and stained with 
a combination of safranin and fast green (4) or of 
safranin and picroaniline blue (3). 
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EXPERIMENTAL RESI : Approximately 77 per cent Paste 1. Frequency of isolation and identity of 324 iso- 
of the isolates obtained fro liseased bean plants ites from root rot diseased beans grown in naturally 
' ntiested soul 
were Fusarium spp Table nost of these were 
. “o < ne | tiie ¢ « defines I 
of the Elegan ind M y | i lefined by Identity of fungi isolated Freque ncy of isolation 
Wollenweber and Re King } but not all of them 
, Pythium sp. 
were pathogeni Species of R/ onia were isolated im sp y 
) Fusarium sp. (Sec. Elengans) 2 
occasionally from yeek 1 plant ind tre F. solani {. phaseoli 
quently from more mature Other tungi such (Burk.) Snyd. & Hans 170 
as species ol {lterne (, in ind Pythium I oxysporum Schlecht a2 
fhizoctor s 57 
were less freque ntly obta il me of these proved Khizo sore SP. “0 
R. solani Kiihn 13 
to be pathogenk int ] - 
Gliocladium sp li 
lable 2 records in ] I Lihe lata obtained trom {/ternaria sp 4 
the pathogenicity tests he tests were made with 
cultures developing fron vle spores of eacl isolate 
host 


All isolates. ot eact speci tnat were judged lo bye 


identical on the basis of characteristics and 
pathogenicity tests were fall adelaide toile 
number for easy reference 

It will be noted that 4 f Fkusarium isolates 
115. 116. 129. and 133. prod 5 ieee Beet ad see 
degree of virulence was ne sme for each Pha 
Giscase eymapeome were Ver) re i plants inoculated 
with isolates of group 116 f the plants inoculated 
died 3 weeks after inoculat ie atte tad wnenne 
necrosis on belowground 4 ind the root systems 
were mostly decayed by the « f 6 weeks. The plants 
remained alive, however, | lids il sManebtitie. 
roots that formed or r the soil surface 
Isolates of group 115° were lightly less virulent 


than those of group 116. A 


vellowing of the leaves was erved on a mayportty of 
the plants inoculated wit solates. Decay de 
veloped on the undergro ions of plants mocu 
lated with group 115 rapidly as on those 
of plants inoculated wit roup 116. Fusarium isolates 
in group 133 were leas thogenic. and those of 
group 129 were intermed olates of group 122 
(Rhizoctonia solar wel lly ithogenic but had 


little effect on growtl 


lt was observed ils I t growth was more 
severely impaired \ tes than by. others 
rhe reduction ! rowt [= oculated wit 
isolates of group ld ’9 was approximately 
proportional to the s ease symptoms. but 
the growth of plants ! olate of roup 
133 was greater | minoculated cor 
trols 

\ representative ( of the 3 groups 
ot Fusariun sola r % . lo. LILO i 1 129. was 
selected for further th t tudies hese tests 
were designe | to fete Heot af P { the 
host plant at the t on the se 
symptoms. In some of t ealthy 4-week-old 
plants were transplanted | ted soil. In the case 
of older plants, inoculati: ‘ ccomplished by intro 
ducing the moculum into t n which the plants 
were growing: this w plants began to 
set pods. In all cases. | ea ympton level 
oped 7-10 days followin: itor These results 
demonstrated that neither ptibility to infection 
nor host response was ! vy altered Dy age tT the 


he symptoms of the bean root rot disease have been 


described by various authors (2, 7. 9). 


In this study, 
an attempt was made to study the development of 
symptoms in plants grown in infested hydroponic solu- 
tions in glass jars. The first observable symptoms on 
the bean plants developed 6-10 days after the seed- 
lings were transplanted to the jars. The typical red- 
dish discoloration in the form of lesions and = streaks 
developed on hypocotyls and tap roots. The lesions 
and streaks gradually increased in size and turned 
reddish brown to brown. In no case was a definite 
margin of the lesions observed. These initial symp- 
toms developed on any region of the root epidermis, 
They were observed in the ruptured zone where the 


lateral roots emerged but were not confined to this 


PapLe 2 Pathogenicity on Red Mexican Ul No. 34 bear 
plants grown in greenhouse of 324 isolates of tuns 


from naturally intested soi 


Code Identified No. of No. 
No organism 


Disease Aver 


isolates plants severity length 


tested — tested rating of plant 
iverage (in. 
1O¢ Pyti S| ‘ () 0 
1O4 usar mo osp 
Sec. Elegans) 2 108 0 
1) } ‘ sporur 1] 1] 0) 
115 F. solani { 


phaseol } 18% ) 94 
Rhizocte nid sp } 148 0 
2 R. solani 13 2 24.7 
i<4 G adtum sp ] 0s ft) 
y } . a 
aseolli 72 288 17.0 


( t 0) 2O.5 

0 Nor | verv 1 ad ) moderate } severe . 
F . ) 

This easurement was made from the ground line t 
the tip of the growing point. Each figure is an average of ¢ 
replicates olf | plants each 

Fusarium solani {. phaseoli were grouped here in 3 dif 


ferent types because their degree of pathogenicity and phys 
logical behavior on culture media were different. W. ¢ 
Snyder (personal correspondence) identified these isolates 


s F. solani {. phaseoli and considered the diversity as 


the species 
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area. Histological data supported this observation by 
showing direct penetration of the pathogens through 
the epidermal cells. In plants inoculated with isolates 
of groups 115. 116, and 129, the brown lesions and 
streaks spread longitudinally and horizontally and 
finally encompassed the root and part of the hypocotyl. 
This was observed as soon as 3 weeks after transplant 
ing. In plants inoculated with isolates of groups 115 
and 116. the lateral roots often became shriveled and 
Isolates of 


groups 122 and 133 did produce lesions and streaks, 


nonfunctional as the disease progressed 
but other than a slight longitudinal enlargement no 
further change was observed. 

All isolates of Fusarim penetrated the host plant in 
a similar way. Mycelium was observed on the surface 
of the underground parts of the hypocotyl and roots 
Penetrations occurred directly through the epidermis 
of the lateral roots as well as through the opening 
formed by the emergence of lateral roots. In direct 
penetration, the hyphae penetrated the thin cuticle 
without the formation of a visible appressorium-like 
structure. After penetration, the hyphae became a 
little swollen under the epidermis but soon assumed a 
normal diameter. There was a tendency for the hyphae 
to grow in parallel strands after penetration. These 
strands were observed both intracellularly and inter 
cellularly. In some cases, however, the hyphae 
branched and formed knot-like masses in the epider 
mal cells 

The epidermis. cortex, and endodermis of the tap 
roots and the underground part of the hypocotyl rup 
tured because of the emergence of lateral roots. The 
mycelium, present in the soil and on the surface of the 
underground parts of the plants, invaded the cortical 
cells at these points. From these points of invasion, 
the pathogens often progressed into the newly devel 
oped lateral roots 

Occasionally. the pathogen was observed to pene 
trate through the stomata on parts of the hypocotyl at 
the soil level. No penetration of hyphae was observed 
through either reot hairs or hairs on the hypocotyl. In 
} instances, isolates of group 116 produced typical 
symptoms at the cotyledonary attachment. The hyphae 
were found in the cortical cells only for a few milli 
meters above and below the cotyledonary node. This 


observation was not sufficient to indicate 


whether or 
not the penetration took place through the cotyledon 


iry attachment 


Following all these penetrations. nuclei epiderm 
| | 


and cortical host cells did not seem to have attracted 
the hyphae In the early stages of disease develop 
ment. the nucleus was observed frequently in. close 
association with hyphae without showin inv disturb 
ance. The penetration of the hyphae and their early 
host did 


r ] t} 
inv disorganization of the cytoplasm that 


development in the parenchyma cells of the 
not cause 
could be detected by differential staining 

The activity of the pathogen Was greatest in the 
cortical cells of the tap reots and underground parts 
of the hypocotyl Here the hyphae branched and pro 


gressed longitudinally as well as laterally In 10—12 
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days after penetration, the cortex was filled with my- 
celium. Cross sections of infected tissue at this stage 
showed considerable amounts of hyphae in the cells 
and in the intercellular spaces. A brown substance 
developed in the cells and more frequently in the 
intercellular spaces of the heavily infected cortex and 
was responsible for the characteristic pigmentation of 


the infected tissues. Microchemical tests for lignin, 
suberin, and wound gum (4, 8) failed to indicate the 
nature of this brown substance. In severe cases of in- 
fection, the hyphae in the cortical cells of the host 
extended as far as 1 in. above the soil line, although 
the symptoms were not always apparent more than 14 
in. above the soil. The pathogens also invaded the 
endodermal cells, where the hyphae were intracellular. 
The pericycle, conducting tissues, and pith of primary 
roots were free of invasion. 

Isolates of groups 115 and 116 produced 3 kinds of 
spores within and on the host tissues. These spores 
were observed when the underground parts of the 
plants started to decay. Chlamydospores were ob 
served in the collapsed cortical cells. and microconidia 
and macroconidia were produced on the outer surface 
of the cortex. 

Phe direct penetration of lateral roots was similar 
It has been 
lateral 


root tissues from the cortex of the tap root The per- 


to that of the tap root and hypocotyl 
noted that the fungus hyphae often invaded 
cycle, which is the origin of the secondary roots, was 


never observed to be infected: however. the meriste- 


matic tissues of the root initials, including procam 


bium, often were infected. This is probably the origin 
of infection in the vascular tissues of the lateral roots 
\ longitudinal section of a young lateral root showed 
the presence of long hyphae in the phloem tubes and 
xvlem vessels. It was mentioned previously that some 
of the lateral roots became shriveled and nonfunctional 
is the disease progressed. This morbidity probably 
was due to the presence of hyphae in the vascular 
elements 


The penetration of host plants by isolates of roup 


122 ( Rhizoctonia soiani occurred nthe same way is 
previously described for the Fusaria. Part of the cortex 
near the point of penetration was invaded by hyphae. 
[he activitv of the hyphae in this case was very re 
stricted, and they never penetrated as far as the endo 
dermis. As a result of this restricted actis 


lesions 


, ere always small 


DISCUSSION Iwo hund fort ‘ e 324 
ngus isolates obtained from root rot lesions eauns 
were species of the genus Fusariur ind oU were spe 
es of Rhizoctonia Iw ared nd twenty-teur of 
he Fusarium and 13. of he Rhizocto solates 
were pathogenic to some degree under the conditions 
of these tests. but only 98 of the Fusariun ind none 
ol the Rhizoctonia isolates were virulent pathogens It 


is possible that all of the 


iused 


predisposed to 


isolates might have 
disease symptoms if the plants were 
ther conditions. 

The isolates that were determined to be / solani 1 


aseoli (Burk.) Snyd. & Hans. were segregated into 
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} distinet types 


base 
lence and growth cl 
of this type is a 
Fusarium, the const 
of*these isolates dis] 


tions have a genet 


ot physiologi« races 


derstanding of the re 


isms seems necessary 


torv control proce dure 


The histological 
investigated by Burk 
on the mode of pen 
phal penetration wa 
through the epidern 
the hypocotyl, and 
parasite lived in app 
the initiation of inte 
of plasmolysis was 
ment became exte! 
crew quite readily 


intercellular space 


tion i brown-colored 


cells and intercellul 
cal nature of this s 


hy microchemi i] if 
| 


lished whether thi 
the pathogen or W 
the host in respor 
inoculated with n 
brown deposits in 
seemed to prevent t 


probable therefore 


Lot 
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that virulent strains of the fungus developed so rapid- 


ih Dality ly that the host did not respond rapidly enough to pre- 
y species of vent envelopment. It is noteworthy that the fungus 
it beulture lid not penetrate stelar tissues inside the pericycle, 
it ese varia except in the case of young developing lateral roots 
t ccurrence where penetration of all tissues was very rapid 
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SED BY PHYTOPHTHORA SOJAE N. SP. 


W. Gerdemann- 


s_tMMARY 


An undescribed of Phytophthora was 
found associated with root and stem rot of soybeans 
Comparative studies indicated that Illi- 
nols identical obtained 
by other investigators from similarly 
beans in Ohio and North Carolina. 


causes pre-emergence and postemergence damping- 


species 


in Illinois. 


isolates were with isolates 


diseased soy 


his pathoge n 


off and a root and stem rot of plants at all stages 
of maturity. In Illinois, stem rot the 
spicuous symptom. A comparison of 8 inoculation 
quick reliable re 


most con- 


is 


techniques revealed that 2 gave 


into 
100 


mvcelium 
nearly 


insertion of bits of 
Both methods gave 


ylanting and 2) 
seedling hypocotyls. 
per cent infection in susceptible varieties whereas 
little or no disease developed in resistant varieties 
The patho- 
gen also caused a damping-off of alfalfa and sweet- 


Comparable checks remained healthy. 


clover seedlings. 

This fungus appears distinct from previously de 
scribed species of Phytophthora and the name Phy 
tophthora sojae n. It differed 
pathogenicity, growth rate, and stain 
the 2 related r 


eactorum and P, meZaspe 


i! 


sp. 1s proposed. 
morphology, 
closely 


reaction trom 


ne spec 1¢s, 


rma 





sults. These were 1) inoculation by introduction 

of infested whole oats into the soil at the time of 

Phytophthora reot and stem rot of soybean, Glycine 
max (L.) Merr., was first reported from Ohio and 
North Carolina in 1955 (6. 7, 8). It now has been ree- 
ognized in Illinois. Missouri, and Indiana, as well as 
in Ontario, Canada.* The causal organism has been 
considered to be Phytophthora cactorum (Leb. & 
Cohn) Schroet. (4.6). The disease may be serious on 
both heavy and light sandy soils and is favored by 
cool, rainy weather. It is most severe in areas of fields 


in which water may stand but also appears in scattered 


spots on well-drained areas. It attacks soybean plants 


in all stages of growth, causing pre-emergence and 
postemergence damping-off and a root and stem rot 
that results in wilting and death of plants from the 
primary-leaf stage to maturity. Under certain condi 


also cause a seed rot. Stems of plants 


it 
attacked in the primary-leaf stage first appear water- 
soaked, then the leaves wilt. and the entire plant dies 


tions may 


and turns brown. The symptom usually noticed first 
on older plants is a wilting of the leaves. Chlorotic 
ireas appear between the veins and along the margins 
of the leaves. and a brown canker advances up the 
stem, frequently as far as the node of the second or 


third trifoliate leaf. At times lesions may be confined 
entirely to the stem, with the lower portion of the stem 


The 


phaseolorum 


ind the roots having no perceptible symptoms. 
pod and stem blight fungus Diaporthe 
(Lehm.) Wehm. has been found fruiting on 


Var. SOJdeé 
stems shortly after they had been killed by the soy- 
bean Phytophthora. In Illinois, stem rot is more con- 
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spicuous than is root rot. 
Herr (4) found young plants to be more susceptible 
than older plants. On older plants, the symptoms were 


slower in appearing than on young plants, and a 


longer time was required for the plants to succumb to 
the disease. Schmitthenner and Williams (5) described 
ot artifi ial 7 day old 


plants growing in a quartz sand culture in 16-0z. paper 


a method inoculation in which 


cups were inoculated by injecting 2- to 3-day-old shake 
cultures of the fungus through the side of the cup with 


a hypodermic needle. Bernard et al (1) found that 
resistance to this disease is inherited by a single domi- 
nant gene. 

This paper describes studies on the morphology, 


taxonomy, and host range of the causal organism, and 


a comparison of ino ulation techniques is given 


MATERIALS AND METHODs.—For isolation of Phyto- 
phthora from soybeans, 2- to 3-in. lengths of stems 
containing the advancing margin of fungus decay were 
surface sterilized in 25 per cent Clorox (5.25 per cent 
sodium hypochlorite) for 14% to 2 minutes and then 


rinsed in distilled water. Short radial sections of tissue 
were then cut from the margins of the cankers, placed 
on Petri plates of potato-dextrose agar or of cornmeal 
at 20°¢ were ob- 
tained from widely scattered areas in Illinois. A North 


B. Skotland, 


agar. and incubated Five isolates 
Carolina isolate was obtained from Dr. C. 
Raleigh. North Carolina. and an Ohio isolate was ob- 
tained from Dr. A. F. Ohio Agricul- 


tural Experiment Station, Wooster, Ohio. 


Schmitthenner. 


Other spec ies of Phytophthora used were P. mega- 


sperma Dreschs., P. cactorum (Leb. & Cohn) Schroet. 


(a lemon and a lilac isolate), P. erythroseptica 
Pethyb., and P. infestans (Mont.) d By., all obtained 
from Dr. F. A. Weiss. Curator, American Type Cul- 
ture Collection: P. cactorum (a sweetclover isolate), 


obtained from Dr. D. W. Benedict, Harrow, Ontario; 
ind P. Pethyb. & Laff.. Dr. 
D. C. Erwin, Department of Plant Pathology, Univer- 


cryptogea obtained from 


sity of California. 
Culture media used were potato-dextrose agar 
(PDA), Difco cornmeal agar (CMA), hemp seed in 
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TABLe | Emergence and ¢ g-of if Haroso y sovbeans 
planted in } } n Phyto 
phthora by mea had « 

is Checks 

Inoculation method ee, we Be Ba BS 
l. Mycelial suspens 

poured over the seed li ; ) 8 25 
2. Infested corn-meal-sand 

medium mixed with s« iF 0 0 ee $2 
3. Infested whole-oat 

dium mixed with so 8 ( 0 18 4 
1. Seed soaked 6 hours 

a mycelial suspensior i 2] | Ta) Y) 


* Postemergence damping-ofl 
"Checks subjected to the same treatment as were the 
corresponding treated see ex that the Phytophthora 


inoculum was omitted 


water, cornmeal-sand, whole oat ind toothpicks im 


pregnated with CMA. Hemp seed in water was pre 
pared by adding 3 or 4 seeds to a culture tube con 
taining 10-15 ml distilled w r and autoclaving the 


tube for 20 minutes at 15-lb. pressure. Cornmeal-sand 
vellow 


} 


medium consisted of equal parts by volume of 
cornmeal and freshly washed quartz sand mixed to 
gether and steamed for 1 hour. Whole oats for whole 


oat medium were boiled 20 minutes in water. Both the 


cornmeal-sand and whole-oat media were placed in 
250-ml Erlenmeyer flasks, 200 ml per flask, and auto 
claved 1 hour at 15-lb. pressure on each of 2 successive 


days. Small pieces of toothpicks on which the fungus 


was to be cultured were boiled | hour in distilled 


water and then placed CMA and autoclaved 30 


minutes at 15-lb. pressure They were then removed 
aseptically and placed on the surface of solidified 
CMA in a Petri plat 

Mycelial suspensions used for inoculation consisted 
of two 2-week-old Petri plate cultures of the fungus on 


CMA mixed with 100 ml distilled water in a Waring 


Taste 2.—Incid H an 
lings ino ( r ‘ 
Phytopht 
\ ’ ' . 
Inoculation method | d 
5. Infested toothpicks 0 
serted into hypocoty 
6. Roots dipped into 
celial suspension iF 
7. Mycelial susper 
poured into a trencl 
jacent to the plants 
8. Wound inoculation 
mycelium Q 
"From 40 to 48 seedlings we sed as checks for eacl 
treatment. None of these became diseased The check 
seedlings were treated like tl culated seedlings except 


that the Phytophthora inocu tted 


Blendor 

Seed was surface sterilized by immersion for 14 
minutes in 25 per cent Clorox. Soil to be sterilized 
was placed in greenhouse flats or pots and steamed 
for 3 hours on each of 2 successive days. 

Morphological measurements were taken from cul- 
tures of the fungi on hemp seed in water. All measure- 
ments were made with the fungi mounted in water. 

EXPERIMENTS AND RESULTS.—/noculation methods. 
Phe methods of inoculation compared may be divided 
into 2 groups: those in which soil or seed was infested 
by various techniques at the time of planting (Meth- 
ods 1-4), and those in which the treatment was ap- 
plied to 10-day-old seedlings (Methods 5-8). Twelve 
seeds of the variety Harosoy were planted per treat- 
ment for each inoculation method and check. The ex- 
periment was replicated 4 times. 

In Method 1, soil was infested by pouring 100 ml 
of a mycelial suspension of the fungus over the seed 
in the soil in each pot. Check pots were watered with 
an equal amount of sterile CMA suspension. Inocu- 
lum for Method 2 consisted of the fungus grown on 
cornmeal-sand medium. Two hundred ml of the inocu- 
lum was mixed with the soil of the upper half of each 
pot. The same amount of sterile cornmeal-sand me- 
dium was mixed with the soil of each check pot. 
Inoculum for Method 3 consisted of the fungus grown 
on whole oats. The inoculum was mixed with the soil 
in the upper half of each pot at the rate of 200 ml 
per pot. An equal amount of sterile whole oats was 
mixed with the soil of each check pot. In Method 4. 
the seed was soaked in a mycelial suspension for 6 
hours previous to planting. Seed of checks was soaked 
in a sterilized CMA suspension the same length of 
time. In Method 5, the fungus was grown on small 
splinters of toothpicks impregnated with CMA. An 
infested piece of toothpie k was inserted into the hy po- 
cotyl of each seedling and covered with petroleum 
jelly. \ sterile piece of toothpick was inserted into the 
hypocotyl of each check plant. In Method 6. roots of 
seedlings that had been grown in sterilized sand in a 
greenhouse flat were dipped into a mycelial suspen- 
sion of the fungus. and the seedlings were then trans- 
planted into soil. Roots of check plants were dipped 
into a sterilized CMA suspension before transplanting. 
In Method 7, trenches were dug adjacent to the seed- 
lings by slicing a sterilized spatula through the soil at 
the bases of the stems. One hundred ml of a mvcelial 
suspension of the fungus was poured into the trenches 
in each pot, and the trenches were then filled in with 
soil. Trenches of check pots were filled with the same 
amount of sterile CMA suspension and then closed. In 
Method 8. pieces of mycelium from a culture of the 
fungus on hemp seed in water were inserted into a 
longitudinal slit in the hypocotyl of each seedling. 
Checks were wounded with a_ sterile needle \ll 
wounds were covered with petroleum jelly to prevent 
drying out. 

Results were recorded 2 weeks after inoculation 
(Tables 1. 2). Two of the methods involving infesta- 


tion at the time of planting. namely, soil infestation 
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cornmeal-sand medium 
No plants 


methods. 


with the fungus grown on 1) 
whole oats. 


treated by 


or on 2) were highly effective 


emerged in pots either of these 
whereas good emergence occurred in the check pots 
When a mycelial suspension of the fungus was poured 
over the seed or when seed was immersed in a mycelial 
suspension before planting, many plants escaped in 


treated pots. Moreover, emergence was less in the com 


Fic. | \) Harosoy soybean 
noculated right B) 
icforun tre ited with chloriodide ol Zine 


<270). K 


Fifteen-day-old 
Mycelium ot Phytophthora sojae 


sporangia of P. sojae | Sporangiun 


| 
; 


sojae. P. me perma. and sweetclover emon. and lilac isolates 





| 


PHYTOPHTHORA SOJAE N. SP 


plants 5 day 
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When 


inserting in- 


check check 
10-day-old seedlings were inoculated by 
fested toothpicks or bits of mycelium into the hypo- 
(Fig. 1, A), 


whereas all check plants remained healthy. 


parable pots than in othe pots 


all seedlings were killed 
Nearly all 


plants inoculated by dipping the roots into a mycelial 


cotvls nearly 


suspension or by pouring a mycelial suspension into a 


trench at the bases of stems still appeared healthy at 


i 


¥ 
at ® 


Me 


‘ 





noninoculated left. 
C) Mycelium of P 
50). E-J) 
res of P. 


ifter inoculation by the wound method 
ited with chloriodide of zine 270). 
iu ind paragynous intheridium of P 
(0) ) L) Left to right: Sev 


{ P. cactorum on potate-dextrose aan 


Sojde ¢ 
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en ad iy old cu 
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the conclusion oft ti K pe 

Inoculations by planting oll infested th the 
fungus grown on a cornmeal { medium or on whole 
oats and inoculation by inserting mycelium into hypo 
cotvis were each tested Il pprementary experiments 
in which both resistant and sceptible varietic ere 
used to determine w l t these me ods were 
too severe tor screen | I ior resistance In ] 
experiment, seeds of the epl l¢ iriety Harosoy 
and the resistant ere planted at the 
rate of 12 seeds per pot in s fested with the fungus 
grown on cornme il-saz mie ind in soil infested 
with the fungus grown 01 ile oats Twelve seeds 
of each variety were 30 ted in check pots for 
ear h of the 2 methods e experiment was replicated 
> times. Results were rded 2 weeks after inocula 
tion (Table 3) 

In pots infested wit! I Tul 1 crown on whole 
oats, all plants ot the iscepl e varietv Harosov were 
killed. Plants in check pot terile whole oats added) 
remained healthy The re variety Illini grew 
nearly as well in the infested rf n the check pots 
In pots infested with the f rown on cornmeal 
sand. the mortality rate wa imong resistant seed 
lings Therefore. infe f soil with whole-oat 
inoculum appears to ve e more reliable test { 
resistance, 

Inoculation by inset f celium tro hemp 
seed cultures) into pocotl yas tested In an experi 
ment in which 2 s eptible irieties. Harosoy and 
Hawkeve, and 2 resistant Monroe and Illini, 
were used Fiftv-two 1lO0-da 1 seedlings of each of 
the 4 varieties were ino ited. Results were recorded 
1 week after inoculatio \ plants of each of the 2 
susceptible varieties beca nfected ind all died 
within 7 days. All plants of resistant variety Mon 
roe remained healthy lini plants remained 


healthy whereas | plant was kille This method gives 
a verv clear-cut distinction etween resistant and sus 


ceptible plants 


Artificial inoculation by ertion ot tungus myvee 
lium into hypocotyls r by nlanting in soil infested 
with the fungus grown on whole oats may be recom 
mended as simple and effect Inoculation by insert 


ing mycelium into the hypocotyls has the advantage 


ol eliminating contusion resulting trom poor germina- 
tion of the seed. Plants n be inoculated immediate 
ly upon emergence, and resistant plants are not af 
fected: however, if large p populations are to be 
screened, the use of soi fested with the fungus 
grown on whole oats is the better method. With either 


method. reliable results may be obtained in 7 to 14 
days. 

Vature of disease resistar In a study of the na 
ture of disease resistance. stems of the resistant variety 


Illini and of the susceptible variety Harosoy cut into 


sections ll, to 2 in. in length were sterilized either by 
autoclaving in distilled water or by propylene oxide 


gas. A transfer of the soybean Phytophthora was in- 


troduced into tubes co e stems in water. The 


fungus grew equally vell o1 tems of both the resist 


int and the susceptible variety. Stems and leaves of 
each of these 2 varieties were also frozen and then 
ground in a meat chopper. The resulting pulp was 
squeezed through cheesecloth, and the juices obtained 
were centrifuged at 8,000-10.000 G to remove much of 
the suspended material. These liquids were filtered 
through diatomaceous earth in a Buchner funnel and 
then sterilized by filtration through bacterial filters, 
he sterile liquids from the 2 varieties were each 
mixed with equal volumes of 2 per cent water agar 
cooled to 45-50°C and poured into Petri plates. The 
fungus grew as well on the extract from the resistant 
variety as on that from the susceptible variety. 

The possibility that the fungus produced toxins that 
contributed to the cause of death of susceptible soy- 
bean plants also was investigated. Ten-day-old seed- 
lings of both the resistant variety Illini and the sus- 
ceptible variety Harosoy were placed in liquid from 
hemp seed cultures of the soybean Phytophthora that 
had been sterilized by filtration through Seitz filters. 
f checks were included: stems of each 


[wo types ¢ 
variety placed in liquid from hemp seed in water in 
which no fungus had been cultured and stems of each 
variety placed in distilled water. Three replications 

} bottles with 3 stems each were included for each 
variety in the treatment solution and in each check 
solution. No wilting of seedlings occurred in either 
treatment or in the check solutions. 

Host range.—The pathogenicity of the soybean Phy- 
tophthora was tested on red clover, sweetclover, Ladino 
clover. alfalfa. lespedeza, birdsfoot trefoil, corn, oats, 
wheat. green bean. garden pea. Lima bean. and mung 
bean. Soybeans were included as a check on the via- 
bility of the inoculum. The soil was steam sterilized 
ind infested at the time of planting by pouring 50 ml 
of a mycelial suspension onto the seed in each 18-in. 
row. Fifty surface-sterilized seeds of each species 
were planted in each of two 18-in. rows in both in- 
fested and non-infested soil. Seed in check flats was 
watered with the same concentration of sterile CMA 
in water. Thirty-five soybecn seedlings, 20 alfalfa 
seedlings, and 5 sweetclover seedlings damped-off; 
there was no damping-off of the other species (Table 4). 
\ stem rot occurred in a single green bean plant, but 
ill other species remained healthy. Emergence of some 


| ABLE }. Incide nce oft disease in a resistant and in a@ sSus- 
ceptible variety of soybeans planted in soil infested 
with the sovbean Phytophthora by 2 different methods 


No. of surviving plants from 60 
seed planted of indicated variety 


Harosoy [lini 

Material added to soil (susceptible) (resistant) 
Infested whole oat medium 0 0 
Noninfested whole oat me- 

dium 32 14 
Infested cornmeal-sand 

medium U 16 
Noninfested cornmeal-sand 

medium 38 17 
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TABLt r é age emergence UW f in sou intested with the sovbean P} tophthora 
Percentage emergence 

Crop Variety Inoculated Check 
Red clove! Ty Ll pratense | Ke nian 70 
Ladino clover (7. repens L.) 9 67 
Sweetclover (Me otus alba Desr.) Spanish 99 
Alfalfa (Medicago sativa L.) Ranger 81 78 
Lespedeza (Lespedeza stipulacea Maxim.) Climax 1] 1 
Birdsfoot trefoil (Lotus corniculatus L.) Viking BY 89 
Wheat (Triticum aestivum L.) Prairie (C. I, 12371) 61 8 
Oats (Avena sativa | Clinton 08 99 
Corn (Zea mays L.) Ind. WF9 C. I. 187-2 100 100 
Mung bean (Phaseolus aureus Roxb 7 98 
Lima bean (P. limensis Macf.) Baby Fordhook 14 13 
Green bean (P. vulgaris L.) Burpee’s Stringless Green-Pod 82 94 
Garden pea (Pisum sati L..) Little Marvel 89 85 
Sovbean (Glycine max (L.) Men Harosoy 69 80 


crops was significantly less in the infested flats than in 
the checks, rotted 


germinated dead 


however. and seed and partially 


seed of green bean and Lima pean 


were observed. len-day-old seedlings ot corn, mung 


bean. Lima bean. and garden pea inoculated by inset 


tion of the fungus directly into the bases of the stems 
remained healthy, but inoculated soybeans were killed 


This fungus does not appear to be a serious threat 


to any crops commonly grown in rotation with soy- 
beans. Suhovecky (7) reported that Clinton oats, 
Ranger alfalfa. Kenland red clover. Ohio C54 corn. 


tible to the 


re sults ob- 


Thorne wheat. and timothy are not suscep 
With the exception of alfalfa. the 


these 


fungus. 


tained in studies are in agreement with Suho 


vecky s findings 
When PDA. the soy- 


bean Phytophthora grew mainly on the agar 
| 


The pathogen. cultured on 
surtace, 
with the mycelium forming a dense, thick. white colony 
in which folds appeared after a few days (Fig. 1. 1 

and usually un- 


The margin of the colony was definite 


dulating. Fruiting bodies were not 


produced on this 


TABLE 9 Comparative mor 


Oogonlu UOospor 
Oy : Range Average Range 
P 
| isola 19.9-33.3 28.9 17.5-29.2 
Sweet ise 24.9 5 )4 2 MY 2 


Sovbear hvtophthora 


Based on measurements of 75 oog 


onla, oospores, and oos] 
were not observed: the figures given are , 


1) distinet papillae, | 


broad, indistinct papillae 





ore walls and 125 sporangia 


from Dreschler’s or 


medium. On CMA, most 


surface of the agar. 


growth occurred below the 
and there were relatively few aerial 
hyphae. Oogonia, antheridia and oospores appeared 
in abundance after | weeks, but sporangia were not 


Hyphal 


seed in 


observed in cultures grown on this medium 


swellings were common. Growth on hemp 


water was entirely submerged: it was white and cot- 


culture tube, grow 
weeks, 
Oogonia and antheridia and oospores formed in great 
after |] 
sparsely, but when the culture was poured into a Petri 


ony and filled the diameter of the 


ing upward as much as 1% to 2 cm after 2 


numbers weeks. Sporangia appeared very 


plate numerous sporangia appeared in 1 to 2 weeks 
Hyphal swellings were common. 

Mycelial growth of the fungus was typical of that 
in the genus Phytophthora. Hyphae exhibited chara 
teristic right-angle branching with slight constrictions 


at the bases of branches. were On In 


Hyphae 
diameter, mostly 4-6 ». Hyphae in young cultures were 
coenocytic, but many hyphae in old cultures had no 


Hyphal 


protoplasm and numerous septa were present 


Phytophthora ctorur pP megaspern and the ,oean 
Oospore wa Sporangium 

erage Range Average Range Average Apex 

9.4 0.8-1.6 1.2 14.9-46.6 54.2 27.4 ) 
| 6-36-4 

26.6 0.8-1.6 1.4 24.2-41.6 2.4 20.5 D 
1). 8.33.5 

12 { 55-60 | 
25-43 

1.4 1.3-3.3 2.4 23.3-88.8 8 38.3 | 


P megasperma 


nal description 
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swellings were con tures [hey were papillae. 
spherical or ellipsoidal, ter tercalary, and Taxonomy The temperature-growth relations of 
usually single. but somet wded. Chlamydo the soybean Phytophthora were compared with the 
spores were not produced « dia closely related species. P. cactorum (a lilae. a lemon. 
Oogonia were ty} 1 did no ive ind a sweetclover isolate) and P. megasperma. Iso- 
a funnel-shaped | 1) pherica lates were grown on CMA, and the experiment was 
oospores had thicl i nearly filled replicated 3 times and repeated once. The isolates of 
the oogonia. A total of 194 ind oospores wert P. cactorum and of P. megasperma grew at all temper- 
measured (Table 5 ed trot 8.3 atures except 35°C. Optimum growth of isolates of 
to 45.84 in diameter. vy erage of 36.9 P. cactorum was at 25° in both experiments and for 
Oospores varied f1 d eter, with P. megasperma at 20 in the first experiment but at 25 
an average of 31.4 | . re in the second 
walls were rie f | ! I KI Growth 1 ites of P. cactorum (lilac. lemon. and sweetl- 
from 1.3 to 3.3 vil t Kkness of 2.4 clover isolates) P. megasperma, and the sovbean Phyto- 
Antheridia were para isually attached = phthora were compared on PDA and CMA at 20° and 
to the oogonium near t talk >" is well as on hemp seed in water at room tem- 
sporangia were rine ) rele ol peratures The experiment Was repli ited 4 times, 
sparsely branched y were typ The isolates of P. megasperma and of P. cactorum 
cally ovoid or ellipsoid ne and had a bread and grew much faster than did the soybean Phytophthora 
usually inconspicuo 1 pical thickenin on all media. This difference was especially striking 
or papilla of the type 1 nonpapillate. Black on PDA (Fig. 1. L). After 6 days on this medium, 
well (2) is doubtful that es of Phytopht! colony diameters of P. megasperma and P. cactorum 
produces I complete sporangiul ind iveraged from 4 to 5 times as great as did those of 
suggests that it would be ' t to designate the the soybean Phytophthora. On CMA, radial growth of 
condition usually referr ipillate as incor colonies of P. megasperma and of P. cactorum was ap- 
spicuously papillate. S hores resumed growt proximately twice as great at 20° and 2-4 times as 
by branching outside | { sporal i \ vreat at 25 as that of the soybean Phytophthora. 
total of 168 spora ’ ve isured sizes) were Height of growth of colonies of P. megasperma and 
extremely variable 3.5 to 88.8 ! of P. cactorum on hemp seed in water in culture tubes 
length and from 16.6 1 vidth. The average was approximately twice that of colonies of the soy- | 
length and width were 1 38.3 respectively bean Phytophthora. 
The range in size and ip porangia and papillae The pathogenicity of P. cactorum (lilac, lemon, and 
of the sovbean Phytophtho trated in Figure sweetclover isolates), of P. megasperma, and of the 
l, E-J -oybean Phytophthora were compared on the soybean 
Sporangia germ ted thy. by the forma variety Harosoy. Plants were inoculated by inserting 
tion of a germ tu I e productiot { mycelium into hypocotyls of plants 10 and 27 days old. | 
zoospores When er t ed by eal at Plants in check pots were wounded without the inser- 
a germ tube. the tubs rew tron the tip o1 tion of mycelium Al] wounds were covered with 
side of the apex. The ere biflagellate and petroleum jelly. There were 5 soybean plants in each 
formed within the spor \s the fully developed — treatment, and the experiment was replicated 4 times. 
zoospores were move ery ind delicate en All plants of both ages inoculated with the soybean 
branous vesicle ‘ led nd quickly Phytophthora were killed. although the symptoms on | 
ruptured as the zo t. The zoo the older plants were somewhat slower in appearing 
spores immediately val " t I ett i ind death was less rapid than was the case with 
down and formed spherica yvounger plants All plants inoculated with the other 
The Ohio. the North ¢ 1 the [line species of Phytophthora remained healthy. 
isolates of the sovbean Phyt i were compared Oogonla, oospores, oospore walls. and sporangia 
to determine whether or 1 e distinguishable from hemp-seed cultures of P. cactorum (lilac and | 
The temperature-grow vrowt rates sweetclover isolates) and of P. megasperma_ were 
of the isolates were my CMA incubated at neasured and compared with those of the soybean 
ce 6. ¥5°. 2 ) ( 1 35°( Vax 1 Phytophthora. A total of 75 measurements of oogonia, 
growth of all isolates o t 20 None of the oospores. and oospore walls and 125 measurements of 
isolates grew at eithe \fter 7 davs. plates sporangia were recorded for each isolate (Table 5). | 
that had been incubat » were placed at The diameter of the oogonium and oospore and thick- 
laboratory temperature \ cubated at 5 ness of the oospore wall of the soybean Phytophthora 
grew, but those incubated at 3 ed to grow. Growtl were intermediate to those of P. cactorum and of Fr; 
rates of all isolates were ime except tor megasperma, Sporangia of the sovbean Phytophthora 
the North Carolina isolat ew slightly faster were oval or ellipsoidal, and were usually much larger 
than the others. Measurem: spores, oospore than sporangia of the 2 isolates of P. cactorum, which 
» walls. and sporangia wet ¢ y the same 1 ill typi ally were spherical (Fig i; In addition, 
, isolates. Sporangia . 1 broad. indist t sporangia of the soybean Phytophthora had broad, in- 
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distinct papillae. whereas sporangia of the isol: 


Sporangia of P. 


; 


ites of 


P. cactorum had prominent papillae. 


megasperma were not observed during this investiga 


tion, but Drechsler’s (3) description of P. megasperma 


indicates that they are somewhat smaller than those of 


the sov be an Phytophthora and have the same type ot 
broad, inconspicuously papillate apex. 

Mycelia of of P. cactorum, P. mega 
sperma, P. cryptogea, P. erythroseptica, and P. infes 


Phytophthora 


the isolates 


rans and of the 7 isolates of the soybean 


a chemical used 


Meycelia 


were treated with chloriodide of zinc, 


to test for the presence of cellulose in fungi 

of all isolates of the soybean Phytophthora, as well 
is of P. erythroseptica and P. infestans, gave a strong 
positive reaction (Fig. 1. B), as indicated by a dee ~ 


, 
sperma, / E 


bluish-red stain Mycelia of P. mega 

ryptogea, and the 3 isolates of P. cactorun stained 
faintly Fig. 1. ¢ Oogonia of isolates of P actor 
um, P. megasperma, and the soybean Phytophthora 


but sporangia of the isolates of P. 


Phyto- 


ilso stained faintly. 


, . 
wtorum, as well as those of the soybean 


strong reaction 


(9) 


phthora, showed a 
Pucker 

Phytophthora with paragynous antheridia—P. cactorum 

Leb. & Cohn) (Kleb Kle 

\ number of new species with paragynous antheridia 

ribed since the publication of Tucker's 

monograph in 1931. In 1956, Waterhouse (10) pub- 


lished a compilation of the original descriptions of all 


DISCUSSION recognized 2 species of 


™ hoet, and r’. Svringde hy. 


ive been desi 


the species that had been placed in this genus 
(mong species of Phytophthora with paragynous 
antheridia. distinctions are based upon the diameters 


tf oogonia and OOSPOTes ; presence ar ibsence ot 


reticulations indulations. spines, etc. on the oogonial 


walls: size and shape of antheridia: size and shape of 


Although 


sporangia ind prominence of papillae 

iverage size of sporangia is of some. significance 
ranges may be extreme. Temperature-growth relations 
ire also used to distinguish species, the chief charac 
leristie distinguishing P. syringae ind P primutlae 


from P. cactorum being the failure of P. syringae and 


P when incubated at 25 —28°¢ 
biflagel 


nuiade to grow 


Hyph il walls of the 


ile Zoospores typ. illy 


Phyes mvcetes that have 
positive reaction Tor 
chloriodide 
ymparison of 


has been 


show a 
’ 

when 

know le age, no 


this 


the presence of cellulose treated with 


ot zine lo the writers 


he intensity of staining with chemical 


ide among species of Phytophthora Since the 
mvcelium of some species gives i strong reaction 
whereas that of others shows only a faint reaction 


his test may be of some value in distinguishing species 


mvceliun oft the —ay 


' 


The difference bet 
bean fungus and 
torum and P. megasper 


ween stained 


that of the related species, P. ca 


ma, is striking 


The sovbean fungus may be readily distinguished 
from P. cactorum both by the sexual and by the 
isexual reproductive structures. Oogonia and oospores 
{ the soybean Phytophthora are larger than those of 
P. cactorum, and its large oval or ellipsoidal sporangia 
with broad indistinct papillae contrast sharply with 
the smaller. spherical, prominently papillate sporangia 
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cactorum, A of the literature and illus- 


of P. 
trations species 
with P. Pucker 
species were more prominently papillate than the soy- 
bean The the 
fungus are similar to those of P. megasperma; 
ever, the soybean Phytophthora has significantly small- 


Neither P. 


megasperma were pathogenic to soy- 


review 
relegated to synonomy 


that all 


des ribing 


cactorum by revealed these 


Phytophthora. sporangia of soybean 


how- 


er oogonia and oospores than that species. 
nor P, 
the 
pathogenicity, the 
tinct from both P. cactorum and P. megasperma., 


cactorum 


On 


beans 


bases of morphology, physiology, and 
soybean Phytophthora appears dis- 
\ review of descriptions and illustrations as com- 
piled by Waterhouse (10 
ol Phytophthora 
vealed that 


the sovbean isolate to be 


of all other recorded species 


having paragynous antheridia re 


none of them were sufhciently similar to 


regarded as the same organ- 


ism. In comparison to the soybean pathogen, P. cac- 


torum var. applanata has smaller oogonia and more 


stellata has small- 


and P. 


macrospora and P. quininae have much larger oogonia 


prominently papillate sporangia, P. 


ind spines on its oogonial walls, 


er oogonia 


and oospores. Oogonia and oospores of P. fagopyrt and 


P. cyperi-rotundati are nearly the same size as those 
of the soybean fungus, but sporangia of both have 
more prominent papillae. and antheridia of P. cyper 


rotundati may be either amphigynous or paragynous. 
There are several other species with oogonia and 
oospores approximately the same size as those of the 


soybean sporangial apices do not 


fungus and whose 
differ greatly 


P. « ypert-tride, 


ippeal to irom those ot the sovbean 


Phytophthora. with undulate oogonial 


walls. P 
P. epironede, 
and P 


ir to hye 


cypert-bulbosa, with reticulate oogonial walls, 


with angular and undulate oogonial 


verrucosa, with verrucose oogonial walls. 


distinct 


walls, 


Lp pe clearly from the soybean fungus. 


morphological characteristics are less 


} ) 
Yivta 
aid, / 


fungus; 


Differences in 
between P. in 


the 


porrt, r. primulae, P’. 


obvious 
however, neither 


’ 
P. inflata 


soybean 
contorted lobed 
thickened oo 


cultures of 


and 


Svringzdae, 


ie large intheridia of nor 


gonial walls of P. porri 


the 


the irre cularly 


were observed in sovbean fungus. In 


iddition, antheridia of P. porri are amphigynous as 


commonly as they are paragynous and fasten to nearly 


any part of the oogonium, P. primulae and P. syringae 
ire considered distinct, since they fail to grow at 25 


0 
25 ( 


Phe distinct 


soybean ippears to be 


All character 


Phytophthora 
de | ribe d 


Iron all previously sper ics 
stics observed were constant, and several isolates 
were indistinguishable Therefore it is described as a 
new species—Phyvtophthora sojae 1 sp 


L 
Phytophthora sojae sp. nov. 
maturitate demum septatis, 


ramis augulis rectis patentibus; 


Hyphis primo continuis, 
| | 


hyphis a sporangio- 


phoris non distinctis; sporangiis ovoideis vel ellipsoid- 


>| 4 u medio 58 “ 8 A. papillis 


”? 29 e0a 
el- 2 OOO 


16.6 
latis non conspicuis, in hyphis vel zoosporis germinanti- 
28.3 
oosporis sphaericis, levibus, 


latis, 


bus; oogoniis sphaericis stipitibus cylindraceis, 


medio r4 phe 


5.8 u latis. 
paene oogonia implentibus, 19.2-38.3 » medio 
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sl a: episporio 1.3 edio 2.4 4: anther from 28.3 to 45.8 4. averaging 37 4: oospores smooth 
idiis paragyneis: « is i juore “chlor walled and spherical, nearly filling the oogonia, rang- 
iodide-zine”’ fortite rie tibus ing in size from 19.2 to 38.3 u averaging 31 4, oospore 

Hyphae continuou rye nit evacu walls ranging from 1.3 to 3.3 1 in thickness. averaging 
ated and septate wil 1 stl 2 positive re 2.44: antheridia paragynous 
action for the res r ose when treated wit} 
hl lid | Habitat: Roots and stems of sovbean plants (Glycine 
chioriodide of zine t i eter from ? to 9 ; 

max) in Illinois, Ohio, North Carolina. Missouri. and 
mostly 1-6 Hy r ivpica ri t-angle . . 
Sige Indiana, U.S.A.. and in Ontario, Canada. 
branching with slight tions at the bases of 
: 
branches; spora nl differentiated Phe type is represented by a culture isolated from a 
eid wien res, ovoid or ellipsoid diseased soybean stem from a field near Blackstone, 
in shape, ranging siz 3 .3-88.8 16.6-51.8,, _ lllineis. in 1955. Material of the type has been placed 
averaging 58 1 9 ' road. indistinct. bir in the Herbarium of the University of Illinois, Urbana. 
fringent apical thick d germinating 
DEPARTMENT OF PLANT PATHOLOGY 
directly by germ tubes rectly by zoospores: 
UNIVERSITY OF ILLINOIS 

oogonia smooth walle el i rat ) VA lrg ANA. ILLINOIS 
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INHIBITION OF ERWINIA AMYLOVORA BY 
FROM FIRE 


SP. ISOLATED 


Ge. 3. 


BACTERIUM 


BLIGHT CANKERS' 


Farabee* and J. L. Lockwood® 


SUMMARY 


{ nonpathogenic yellow bacterium, tentatively 
identified as a species of Bacterium, frequently was 
isolated together with Erwinia amylovora (Burr.) 
Winsl. et al from fire blight cankers on apple and 
pear Thirty-five of 40 isolates of Bacterium 
sp. inhibited growth of E. amylovora on yeast-ex- 
tract agar. Sterile culture filtrates from 20 of the 35 


inhibitory isolates prevented growth of E. amylo- 


trees. 


vora when 1-4 ml of filtrate was added to 6 ml of 
yeast-extract broth seeded with the pathogen. 

Comparisons of inhibitory activity in buffered 
and unbuffered media that Bacterium sp. 
inhibited E. amylovora by increasing the acidity of 
culture media to a degree unfavorable for growth 
of the pathogen. One isolate appeared to produce 
an antibiotic inhibiting £. amylovora. 


showed 





The relationship of secondary organisms to the sur- 
vival of plant pathogenic bacteria in their hosts has 
had little study. In the case of fire blight of apple and 
pear, a disease for which effective control measures 


are lacking, knowledge of antagonistic effects of as- 
sociated microorganisms on the pathogen might be of 
practical as well as of theoretical importance. 

In 1945, a study of 
blight cankers was begun at the Ohio Agricultural Ex- 
periment Station (unpublished results of R. C. Thomas, 


H. C. Young, and H. F. Winter). 


bacterium were found to inhibit 


bacteria associated with fire 


In this work, certain 
isolates of a yellow 
growth of Erwinia amylovora (Burr.) Winsl. et al on 
agar media. and filtrates from these cultures prevented 
growth of the pathogen when added to liquid media. 
Some isolates inhibited fire blight symptoms when in- 
troduced into apple twigs with the pathogen. Rosen 
(6) isolated from fire blight cankers a bacterium that 
was inhibitory to E. amylovora in culture and in pear 
The deal with the 


mechanism whereby bacteria associated with E. 


shoots. results reported herein 
amyl 
ovora inhibit the pathogen in culture. An abstract has 
been published EAP 
MATERIALS AND METHODS.—Cultures of E. amylovora 
and an associated yellow bacterium were isolated from 
fire blight cankers collected from apple and pear or- 
chards in Ohio. Single-colony isolates of both bacteria 


were selected and maintained on nutrient-glucose aga 


per liter: Difeo nutrient broth, 8 g; glucose, 10 
igar, 20 g), and were stored at 4° C. Nutrient-glucose 
broth cultures grown at 28° for 24 hours on a recipro- 


cal shaker were used as inoculum. 


Cross-streak agar tests (2) were made on yeast 


] 


extract agar (pet! liter: veast extract. 2 g: olucose, 


10 g: agar, 20 
prepared with 0.1 N phosphate buffer 


g) at pH 6.2 or on yeast-extract agar 


(KH.PO, and 
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K»HPO,) at pH 6.5. 
Filtrates of bacterial 
passing 2-day-old yeast-extract broth cultures grown 


cultures were prepared by 
on a reciprocal shaker through bacteria-proof porce- 
lain filter candles. Sterility of filtrates was tested by 
transfers to yeast-extract broth. Filtrates were tested 
for inhibition of E. 
veast-extract broth at pH 6.4 or in yeast-extract broth 
prepared with 0.1 M phosphate buffer at pH 6.8. One, 


2, or 4 ml of filtrate was added, respectively, to 9, 8, 


amylovora by serial dilution in 


or 6 ml of assay broth. 

Resutts.—lsolation of bacteria from fire blight can- 
kers. 
low bacterium were obtained from fire blight cankers 


Cultures of E. amylovora and an associated yel- 
on Bartlett pear and the following varieties of apple: 
Jonathan, Rome Beauty, Baldwin, Yellow Transparent, 
Melntosh. Of 


isolates 


Stayman, Red Delicious. Grimes, and 


hundred colonies obtained, 40 were 
selected for study. 


ly distinguished from FE. amylovora by the yellow color 


several 


The associated bacterium was easi- 


of the colonies. 
Characteristics of the bacterium associated with E. 
amylovora.—A study of 2 isolates revealed the associ- 
ated bacterium to be a gram-positive, non-spore-form- 
ing, motile rod occurring in pairs or short chains. The 


colony color on nutrient agar is yellow, the color being 


most pronounced in recently isolated cultures and 
fading somewhat after repeated transfer. On _ trypti- 
case-sugar agar the colony color is light yellow o1 
almost white. Growth is spreading and the colony 
smooth and dull. The bacterium is aerobic or faculta- 
tively anaerobic. It produces acid from glucose or 
sucrose but does not ferment maltose or lactose It 
does not produce gas. Gelatin is liquefied. Nitrate is 


not reduced. The bacterium is tentatively designated 
is a species of the genus Bacterium. 

Inhibition of Erwinia amylovora in culture by Bac 
Thirty-five of the 


inhibitory to E. 


ferilum sp. 10 isolates of Bacterium 


sp. were amylovora in agar-streak 
Width of inhibition zones averaged 20 mm and 
those 


ival media produc ed 


tests, 


ranged from 4 to 31 mm. Twenty of isolates 


inhibitory to the pathogen on 


culture filtrates that prevented growth of the pathogen 


when 1, 2, or 4 ml was added to 9, 8, or 6 ml, respec- 


tively. of veast-extract broth. Inhibitory isolates in- 


209 
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creased the acidity 


There Was a general 


acidity and the widt 


inhibitory filtrate 
whereas noninnil 
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higher 


icid production B 
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from 200 potatoe 
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The inhibitor 
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cultures buffered at pH 6.8 were not inhibitory when 
Filtrates 
when add- 


assayed in unbuffered or buffered media. 
from unbuffered cultures of Bacterium sp.. 
ed to unbuffered broth seeded with E. amylovora, pre- 
vented growth of the pathogen as in previous tests, 


[These results indicated that inhibition of E. amylovora 


by Bacterium sp. was due to the increased acidity of 
the test media. 

[he possibility that the inhibitory property of Bac. 
terium sp. might be due to production of an antibioti 
active only at acid conditions was considered. In such 
a case, inhibition could occur only at a pH level be. 
tween that preventing growth of £. amylovora and that 
at which media were buffered in the above tests. i.e. 
between pH 4.2 and 6.8. Evidence against this possi- 
bility was obtained by measuring the pH of assay 
broth containing the least amount of culture filtrate 
required to inhibit growth of FE. amylovora. The re. 
action of media in such cases was pH 4.2—4.4. which 


was below the minimum for growth of E£. amylovora 

Table 1) 

In another experiment, filtrates from unbuffered cul- 
ures of isolate 22 of Bacterium s idded_ to 
issay broth seeded with E amyiovora ind buffered 
from pH 3.6 to pH 5.0 at intervals of 0.2 
0.1 M citrate-phosphate buffer 


7 


}) were 


pH unit with 
Inhibition occurred 
only in those tubes with media buffered below pH 

12. These results are further evidence that the inhibi- 
tory action of Bacterium sp. on FE. amylovora was due 
to the increased acidity of the substrate rather than to 
the production of an antibiotic. 

Isolate 70 of Bacterium sp. behaved differently from 
the other 35 inhibitory isolates in cross-streak agar 
tests. This isolate produced sufficient acid to account 
for inhibition of EF. amylovora, but it inhibited the 


l 


n on buffered as well as on unbuffered agar. 


Filtrates from buffered cultures, however. did not in- 
hibit E. amylovora. It is possible that isolate 70 pro- 


luced an antibiotic when growing 


on agar media. 
one of several unidentined UNL Isolates Irom hre 
\ ral unidentified { lated { f 
blight cankers inhibited E. amytovora when te sted on 


<everal different agar media 
DISCUSSION The biologi il role of Bacte rium sp. 
ght cankers is not known, Fire blight symp- 
} 


tave been inhibited by the inoculation of apple 


pear trees with mixtures of FE. amylovera and an 


tagonistic bacteria isolated from fire blight cankers (3. 


6, unpublished results of Thomas et al Phe failure 
of £. amylovora to cause disease in these experiments 
might have been due to acid production or to some 
other mechanism, e.g. antibiotic production, in the 
inoculated twig. It seems possible, however, that the 
failure of symptom development was due to the intro- 


duction of the pathogen into the host in an acid me- 
dium. In the present work, equal proportions of cul- 
tures of any of various isolates of Bacterium sp. and 
of cultures ol E. amylovora gave mixtures with a pH 
level unfavorable for growth of E. amylovora. 
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PILLETIA BROMI-TECTORUM! 


Meiners= 


sSltUMMARY 


Tilletia bromi-tectorum is 
> 
Pacihi 


torum, 


widespread in the 
Northwest on the weedy vrass Bromus tee 
The bunt fungus changes the morphology 
of the host only slightly so that the disease is not 
readily apparent in stands of Optimum 
temperature for spore germination was found to be 


grass. 


. With most spore collections reach 
ing maximum germination in about 14 days. 
germination is similar to that of 7. with 
9-12 primary sporidia usually being produced on a 


approximately 5 
Spore 
caries. 
bromi-tec - 


promycelium. In spore morphology, 7. 


torum varies considerably so that it is difficult to 


taxonomically. collections resemble 
T. fusca and others 7 


of T, 


caries and T. 


place Some 

£Luvotianda: however. spores 
I 

from those of T. 


inoculations of 


bromi-tectorum are distinct 
contraversa. Cross 
grasses othe 


Studies 


T. bromi-tectorum to wheat and to 


than B. tectorum resulted in no infection. 


indicate that infection of B. tectorum usually takes 


} 


place when the seedling is in the l-leaf stage or 


later. 





Bunt fungi that have been designated as Tilletia 
caries ( Dé ful. have been reported on a number of 
wild and cultivated grasses (4, 5 rhis prompted 
intensive investigations of these fungi to determine 


their relation to bunt diseases on wheat. Tilletia 
bromi-tectorum |. | rries, which eccurs on Bromus 
tectorum L.. is by far the most widely distributed 


of the bunt fungi attacking grass in the Pacifie North- 


west. This weedy grass species, commonly known as 
downy brome or cheat, Is omnipresent in both the 
wheat and range areas of the region and is a weed 
in or around nearly every whieat field. It is a winter 
annual with a growth habit similar to that of winter 


wheat and therefore might be suspected of harboring 


smut fungi pathogenic to wheat. The bunt fungus 


usually can be found wherever B. tectorum occurs; 


next to 7. caries and T. contraversa Kiihn, the causes 


of common and dwarf bunt of wheat, respectively, it 
is the most prevalent bunt pathogen in the area 
This 


tensively 


fungus on B. tectorum has been studied in- 


over a 3-year period as to geographical dis- 


tribution, host range, spore morphology spore germ.- 
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nation, and taxonomic relationships. The initial find- 
ings are reported herein. 

DISTRIBUTION.—T. 
1943 by de 


fectorum 


(, EOGRAPHICAI bromi-tectorum 


Urries (3). who 


described i 
collected it on B. 
locality near Madrid, Spain, over a 10-year period. It 
North 1945-1949 by 


who identified it tentatively as 7. caries. 


was first 


from only a _ restricted 


was found in America during 


Kise her { 1), 


He reported the bunt disease to be widespread on 


B. tectorum in Colorado. Idaho. Montana. Nevada, 
Utah. and Washington. It also is known to be ex- 
tensively distributed in Oregon and to occur in Cali- 
fornia. Its failure to be identified earlier probably 


was the result of its inconspicuous nature as compared 
with the prevalent Ustilago bullata Berk., the cause 
of head smut of B. tectorum. A bunted specimen of 
State College of Washington 
had been collected in Latah 


[This collection antedates the 


B. tectorum in the 
Phanerogamic Herbariun 


County. Idaho, in 1936. 


first recognition of the disease in the field by some 10 
years 

Symproms.—The bunt on B. tectorum is character- 
ized chiefly by its inconspicuous nature (Fig. 1). It 
modifies the growth habit of the host plant only 


slightly and therefore it is difficult to distinguish 
De Urries (3) 


ilways dwarfed compared 


smutted from nonsmutted plants. states 
that 


with 


smutted plants are 


ones, but observations on a large 


nonsmutted 
number of plants from the western United States have 


shown that smutted plants, although often slightly 
dwarfed, may be the same size or even larger than 
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nonsmutted plants (Fig. 1, A). Often, the smutted 
panicle is slightly more compact than healthy ones. 
The spikelets of the smutted panicles may be broader 
than those of 
plump nature of the smut balls. as contrasted to the 
Frequently the black 


smut balls can be seen through the thin lemma, o1 


nonsmutted panicles because of the 


slender caryopsis (Fig. 1, B, C). 


they may protrude from between the palea and lemma 
(Fig. 1, B). 
According to de 


only 1 or 2 


Urries (3), the smutted spikelets 
balls: the remaining 
In the United States, the 


number of florets that develop in each spikelet is the 


bear smut flowers 


abort and contain no sori. 


same in smutted and nonsmutted plants, and usually 
there are from to 7 sori per spikelet (Fig. 1, B). 

The spore mass of 7. bromi-tectorum is dark brown 
to brownish black, with the latter color predominating. 
The shape of the smut balls ranges from long and 
narrow, similar in shape to the caryopsis of B. tector- 
usually are from one-half to 


seed ot B. 


um, to ovoid. The sori 
two-thirds the size of a tectorum. as ob- 
served by de { rries, 

the bunt fungus on 


bullata, 


\s pointed out by Fischer (4), 


B. tectorum superficially resembles Ul stilago 


which is also widespread on this host. They can be 


readily distinguished. however. since the latter in 
volves the palea and lemma whereas the former in 
volves only the caryopsis, and leaves the floral bracts 
intact. 

SIMULTANEOUS OCCURRENCE OF BUNT AND HEAD 
sMUT ON BROMUS TECTORUM.—Several plants affected 
by beth head smut and bunt have been collected. This 


fact suggests that their simultaneous occurrence in 
the same plant may be frequent. since these smuts 
often are coexistent in stands of B. tectorum. They 


may occupy the same panicle and in some cases the 
same spikelet. One panicle was examined in detail 
to determine the pattern of occurrence of the 2 diseases 
spikelets 2 total of 44 


(Fig. 2). Of a 
spikelets in the panicle, 25 had 


in individual 
bunt. 15 had head 
smut, and 4 had both diseases. The bunt predominated 
at the top and bottom of the panicle, whereas head 
smut predominated in the middle section. The finding 
indicate 


of only 4 spikelets having both smuts may 


some competition between the parasitic mycelia of the 
2 species of fungi. 
florets sometimes 


contained spores of both disease organisms, but it was 


Spore mounts from individual 


impossible to determine whether the Ustilago spores 


originated from within the sorus of the bunt fungus 


or were merely contaminations from sori of U. bullata 
in the same panicle 
Urries (3) obtained spore 


SPORE GERMINATION. —De 


germination in both distilled water and tap water to 
which a small portion of soil had been added. Germi- 
nation began at the end of 10-12 days incubation at a 
temperature range of 5 to 12°C. No germination 
occurred at 20 

In the 


bromti-tectorum 


collections of T. 


during the 


present investigations, 37 
from B. 


1954 were studied for 


tectorum made 


germination charac- 


summer of 





rILLETIA BROMI-TECTORUM 213 


teristics during the following winter and spring. These 
collections were made from widely scattered locations 
in Washington, Oregon, Idaho, Montana, and Utah. 
The spores were surface sterilized by soaking for 1 
minute in 5 per cent solution of Clorox (5.25% sodium 
hypochlorite), washed in sterile distilled water, and 
plated on 3 per cent agar in culture dishes. The dishes 
were then divided into 4 groups and placed in incubat- 
ing refrigerators at 2°. 5°, 10°, and 15°C. 

The optimum germination temperature for the 
spores of all collections was 5°, although some germi- 


nation occurred at all 4 temperatures. Maximum 


germination occurred also at 2° but at a slower rate 
At 10 


germinated but at a much slower rate than at the lower 
these 6, 


than at 5 . the spores ot 6 of the 37 collec tions 


temperatures; of only 2 collections showed 


more than small percentages of germination. The 


spores of only 1 collection reached maximum germi- 


nation at 10°, and this collection also germinated at 


15°. It seems evident that spore germination in the 
great majority of the collections occurs only at rela- 
tively low temperatures (2°-5°) 
\ wide range in rate of spore germination was 
. gE 
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Fig. 2. A diagram of a panicle of Bromus tectorum in- 
fested with the bunt and head smut pathogens, showing the 
relative location of spikelets with bunt (B), with head 
smut (H}, and with both diseases (B, H). 
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shown by the different « lections at 3 21 of the 38 tions, however. the promycelia elongate considerably 
collections began to ger te in 8-10 days and _ before primary sporidia are formed. Under such con- 
reached a maximu proximately 14 days. ditions, only 6-8 primary sporidia are formed on each 
Eleven of the collectio: germinating after 14 promycelium. The primary sporidia fuse in pairs. and 
days’ incubation and re ximum germination in secondary sporidia are formed as in 7. caries. Primary 
about 20 days. Only t took 20 days o1 sporidia were isolated and grown in culture. where 
longer to germinate secondary sporidia were produced in abundance. As 
The rate of germinal ] romi-tectorum was i result, the cultures had a powdery appearance. 
compared with that of ot pecies of Tilletia whose SPORE MORPHOLOGY.—The spore morphology of 35 
optimum temperature for nation is about 5 collections of T. bromi-tectorum was studied in detail, 
Nineteen collections ide fied as 7. guyotiana Hat These collections were from widely separated loca- 
from various weedy annual o1 nter annual bromes — tions throughout the western United States. A portion 
(from the section B t he f - Bromus of the type collection of 7. bromi-tectorum from Ma- 
and 11 collectior of 7 Ell. & Ev. from drid also was examined. } 
annual fescues were lower in germination For microscopic examination, the spores were mount- 
than most collections of 7. bromi-tectorun Phese ed in Shear’s mounting medium by means of the 
usually began to germinate t-20 days and reached  double-cover glass technique as described by Chupp 
maximum in about 30 d \t 5, the spores of 7 (2). From 5 to 10 spores taken at random on a slide 
elymi Diet. & Hol / a Ell. & Ev.. and were measured for diameter, size of areolae. depth of 
T. contraversa germinated ower than did those reticulations, and thickness of sheath. 
of T. bromi-tector ecies required from The spores varied in shape from globose to ovoid; 
20 days to more than a mo lt appears, therefore many collections were predominantly one or the other. 
that spores of T. bri rerminate faster than The average diameter of spores from individual col- 
do those of most other speci f smut fungi occurring — lections ranged from 21.3 to 24.1 ,: that of individual 
on grasses in the Pacific Northwest; however, the spores varied from 16.6 to 28.2 yn. The average diame- 
germination is somewhat slower t that of 7. caries ter of all spores measured was 22.8 py. Of 307 spores 
which germinates in 3-5 da measured, 258 were between 21.1 and 25.0 y. These 
Spore germination of 7 tectorum is similat spore dimensions agree with those reported by de 
to that of 7. caries and | trated in Figure 3, A Urries (3) and with those of portions of the type 
Under optimum conditions | nore germination, the specimen examined. 
promycelium is relatively short and usually bears from Sterile cells were present in all collections studied. 
9 to 12 primary porid ae iboptin il ondi Such cells were hyaline, globose to ovoid, and smooth, 





Fic. 3. A) Germinatir nore 7 mi-tectorur B.C) Spores of T. bromi-tectorum, showing differences be 


tween spore morp! not 2 Hiections of spores 
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In diameter they ranged from 10.0 to 20.0 yu. but were 
usually between 13.0 and 18.0 jl. 
Areolae varied greatly in size and shape both in 


comparisons of spores of a single collection and of 


spores of different collections ( Fig. 3. 3,7 In these 
collections, the areolae ranged from less than 1 « to 10 
. in their greatest diameter. They were oval, rectangu 
lar, or 5 or 6 sided. The depth of reticulations ranged 


3 4, with the great majority falling be 


w 


from 1.0 to 
tween 1.5 and 2.54. The depth of reticulations on a 
few spores was too shallow to measure. Occasional 
cerebriform spores were seen. 

The hyaline sheath was usually very thin, projecting 
less than 1 y« beyond the reticulum. 

The color of the spores from the various collections 
ranged from yellow through various shades of brown 
to dark brown, and it varied both between and within 
collections (Fig. 3, B, C). Frequently spores from the 
(Fig. 


co! related WwW ith 


same sorus ranged from yellow to dark brown 
3, B). 


depth of areolae: 


This variation appears to be 
spores having relatively shallow and 
darker (Fig. 3, 
C) than those with large areolae and deep reticula- 
3, B). 
are opaque, and these invariably 


Between these 2 extremes lies an inter- 


numerous reticulations generally are 


Some spores are so dark that they 
shallow 


tions (Fig. 
have very 
reticulations. 
grading series of spores with characteristics of both. 

TAXONOMIC RELATIONSHIPS.— According to de Urries 
(3). T. bromt-tectorum in Spain appears to be closely 
related to T. Certain collections on B. tee 
torum from the western United States were assigned 
identified col- 


guyotiana. This indi 


guyotiana, 
to T. caries by Fischer (4). Siang (8) 
lections from B. tectorum as T. 
cates that the species on B. tectorum resemble several 
species of Tilletia in spore morphology. To clarify this 
collections from 
Urries, 


point, spores of a larger number of 


B. tectorum, including those studied by de 


Fischer, and Siang. were compared with the descrip- 
tions and type specimens of T. fusca and T. guyotiana, 
Collections with dark spores and fine reticulations re- 
semble T. 
with relatively large areolae might be classified as T. 


darker 


fusca: those with spores light in color and 


guvyotiana, although the spore mass is than 
those typical of the latter species. 

It appears, therefore, that in spore morphology, T. 
bromi-tectorum provides an intergrading series between 
T. fusca and T. 
T. bromi-tectorum 
those of T. 


age several microns larger than do those of T. 


guyotiana. In contrast, the spores of 
to be 


caries and T. contraversa, since they aver- 


appear quite distinct from 
CaATLECS 
and 7. contraversa and do not have a prominent sheath 
In addition, spores of 


as do spores ot T. contraversa. 


T. bromi-tectorum are much darker in color and have 
deeper and more prominent reticulations than do those 
of the other 2 species, 

Host RANGE.—T. bromi-tectorum has been previous- 
ly reported only on B. tectorum, but 1 collection used 
in this study was from B. rigidus Roth, and another 
was from B. sterilis L. All 3 of these grass species are 
(Eubromus) of the genus Bromus 


related 


in the subsection 


and are, 


therefore. presumed to he close ly 
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One of the main objectives of the study of T. bromi- 
tectorum was to determine if it played any role in the 
wheat bunt problem in the Pacific Northwest. The 10 
differential 
inoculated by several techniques that are described be- 


common bunt wheat varieties (7) were 
low. Parallel inoculations of the original host, B. tec- 
forum, and oft other Bromus spec ies (B. brizaeformis 
Fisch. & Mey.. B. commutatus Schrad.. B. 


Thunb., B. mollis L.. B. 


racemosus L.) were made. 


japonicus 


Nees, and B. 


marginatus 


No bunt developed on the wheat varieties or on 
species of Bromus other than B. tectorum; however, 
all of the 14 collections of B. tectorum inoculated de- 
veloped bunt, with infection percentages ranging from 
s to 24. 

INFECTION sTUDIES.—Several methods of inoculation 
were tried in an attempt to determine how and when 
infection takes place. Since the spores germinate in 
a relatively short time (8-12 days at 5°C), it seemed 
possible that spores on the seed might germinate and 
invade the host by seedling infection in a manner simi- 
lar to that of spores of T. caries. Seed of B. tectorum 
and other grasses was inoculated by placing the spores 
in a water suspension and subjecting the seed to par- 
tial vacuum. The inoculated seed was then allowed 


to germinate at various temperatures. Only 1 row 


from seed inoculated in this manner 


(1%). This lot had been subjected to low tem- 


produced any 
bunt 
peratures out-of-doors for several weeks after inocula- 
tion. Although it is possible to obtain infection by 
this method, it seems likely that seed-borne spores are 
not the primary source of inoculum in nature. 

Other methods tried have been used successfully 
with dwarf bunt of wheat (6). These methods consist- 
ed of germinating the spores on agar in petri dishes 
and placing the germinating spores on the seed by 
Subsequently the seed was allowed to 
Results obtained 


various means. 
germinate at various temperatures. 
with these methods have been very erratic and largely 
unsuccessful, although up to 17 per cent bunt was ob- 
tained in some cases. 

\ third method, which appears promising, has been 
dwarf bunt of 
wheat (1). This consisted of spraying the soil surface 


used with considerable success with 


with a suspension of spores following seeding. Up to 
24 per cent bunt on B. tectorum has been obtained by 
this method. 

Up to 56 per cent smut on B. tectorum was obtained 
by the following method. Seedlings growing in 4-in. 
pots were allowed to develop to the l-leaf stage, at 
which time they were sprayed with a water suspension 


incubated for some 


of germinating spores and then 
10 days at 5 or 10 
) 


The success of the last 2 methods of inoculation de- 


before transplanting to the field. 
scribed above suggests that infection by 7. bromi-tec- 
forum occurs after seedling emergence. In nature, the 
seeds of B. tectorum germinate with the first rains in 
late summer or early autumn, at which time the tem- 
perature range probably is above optimum for spore 
germination. By the time the temperature is sufficient- 


ly low to stimulate spore germination, the seedlings 
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probably are in the l-leaf older \pparently }. Fiscner, G. W. 1950. Spontaneous occurrence of Til- 
infection occurs at ti al later tage of developme nt letia caries (T. triticl) on seven new grass hosts, 


Abstr.) Phytopathology 40: 9. 
in a manner not yet determin » Fiscnuer, G. W 1953. Manual of the North American 
RecionaL Smut Reses : smut fungi. Ronald Press, New York. 343 p 
WASHINGTON AGRICUL mXPE ENT STAT 6. Metners, J. P. 1956. Methods of inoculating wheat with 
PULLMAN, W GT the dwarf bunt fungus in the Pacific Northwest, 
(Abstr.) Phytopathology 16: 20. 





l. Bayuis, R. J. 195 on experiments wit 7. Ropenuiser, H. A., ano C. S. Hotton. 1945. Distribu- 
dwarf bunt of wint Ontario. Plant Di tion of races of Tilletia caries and Tilletia foetida 
Reptr. 39: 159-160 ind their relative virulence on certain varieties and 
2. Cnurp, C. 1940. Fu n double VE! iss selections of wheat. Phytopathology 35: 955-969. 
mounts. M 1 32 ) ) 8. Stanc, W. N. 1953. Studies on the biology of certain 
3. DE Urries y Az M. J M4 istila nuevi Tilletia species on grasses and wheat. Ph.D. Thesis, 
de las proximida le M (nal Jard, Botan State College of Washington, Pullman, Washington, 
Madrid, 3: 279-284 78 
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UNUSUAL FUNGI ASSOCIATED WITH DECAY IN SOME FOREST TREES IN COLORADO! 
Ross W. Davidson and Thomas E. Hinds? 


SUMMARY 

















Studies of heart rot ture timber at high cioides The most frequently isolated fungus trom 
elevations have revealed several wood-decaying main stem decay in trembling aspen was identified 
fungi not previously rey | as infecting living as Cryptochaete polygonia, Peniophora luna, which 
trees A white butt rot { Corticuum radiosum was previously reported as the cause of a top or 
was most trequent! f from subalpine fu trunk rot in lodgepole pine (trom identification of 
\ brown pocket rot bh sasal wounds in this cultures), fruits abundantly in the areas where 
same species Is f Helicobasidiun corti this tree grows. 

In the course of e ( I on decay il ru 
! 0 Cc E 
fir timber growing at h vations in Colorado. a 
ce ee 2 
number of common fur iter proved of partic (‘( f / '( / J 
‘res stuclte ot ad n | trees P Pept G 
ular interest in id y in living t wel ' ( ( ee" La if 
encountered. Basi lospore tures were obtained nN é / 
from as many of these fur i wssible——especially 
species not previously kno ap ay a Fic. J | Diagram of test tube method of obtaining basidio- 
lof] t spore cultures of hymenomycetes. A) Test tube. B) Cul- 
“ f living tre 
datas ‘2 : ture-medium stat C) A glob of culture medium removed 
Ie st tube S. is l ra I ire I we're ised from point D) se rves both to hold the portion ot the sporo 
almost exe lusive ly ! t sido pore cultures phore to the inside of the test tube and to keep it moist, 
This test tube method 1 the one commonh E) Section of sporophore with hymenium side directed to- 
ward the slanted surface of the culture medium. During 
used to make spore print lirectly on culture media os 
: . sporulation the tubes were stored in such a position that the | 
in petri dishes but nl e efhcient tor held use slanted surface of the medium was directly below the hy- 
The fungi involved were tl e tr t ye on decaving menial surface of the sporophore (10 36 hours usually 
logs, stumps, and dead ngelmatr spruce sufheient time). G) Cotton plug 
(Picea engelmanniit Perry ibalpine fir fbies lasw 
carpa (Hook.) Nutt { e pine Pinus ce 
I é brown pocket rot (Fig. 2, A The compound micro- 
Dougl.). and quak i Popu s tremuloides , ‘ 
scope showed these crustose layers to contain coiled, 
Michx This study t elevations rangin . 
, ; vs spiraled basidia protruding from a loosely arranged 
rom about ¥Y.000 Tt. |! ! f if rood ft , : 
H layer of hyaline hyphae. Specimens from which basid- 
BROWN POCKET ) \ ) ATI WitH LIicg 
\ lospore cultures were obtained were submitted to 
BASIDIUM CORTICLIOIDES \ ! ttl col noniy ‘ ‘ 
| wl Dr. R. J. Bandoni for identification. He deseribed 
. . > l d a Ww nl ‘ ane nat tormee write } ’ 
eg on ea { the fungus as a new species, Helicobasidium corti 
t ght gray, thin, crustose yer n dead decorticated 7 . 
die e y oides*. Spore prints were obtained directly on culture 
mifterous logs and 1 tw vay issociated with a : 
” media in test tubes and on glass slides. Spores usually 
were not deposited in great abundance but could 
\ecepted for p sometimes be detected as a very sparse white layer. 
“Forest Pathologi \id Re ; Phe spores were large. hvaline. and broadly ovoid, 
spectively, the Roe K Vi ! nd R il I XI 
ment Station, Forest Se lepart I t A 
ture. with central he | ( " ( rad Bandoni. R. J 1955 \ new species of Helicobasidium. 


In cooperation w th ¢ ; { t\ Mycologia 4 918-919 
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with a prominent apiculus. Germination was not growth for about 4 weeks. even when the spores were 
profuse, but short narrow germ tubes were present on known to have germinated in 3 days. Thereafter a 
some spores in 2-3 days. Spore prints on media white sparse mycelial growth became visible. 

(malt or cornmeal agar) did not show any visible Cultures grew very slowly and were pure white. 





Fic. 2. Helicobasidium corticioides and brown pocket rot. A) Corticium-like fruiting and associated rot in dead wood. 
B) Cross section of brown pocket rot associated with a ba:al wound in living subalpine fir. C) Longitudinal section 
through the same basal rot. D) Pure basidiospore culture of H. corticioides grown on malt-agar medium at a tempera- 
ture of 65° F, 6 weeks’ growth, natural size. E) Brown pock +t rot in sapwood blocks of subalpine fir on which pure cul- 


tures of Helicobasidium were grown for 12 months at 65° | 
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rather thin, and co 
this fungus at Beltsvi 


agar media (malt 


malt plus 0.5‘ ill 
(about 75°F) resulte 
2-3 weeks. React 


gallic acid media 
certain because of 
dark diffusion zone 
agar. 

Cultures seemed 
60°—70°F. but ever 


the fungus often make 


to new tubes of cultur 
necessary to make 


2 that will 


get Ll or 

During an investiga 
pine fir in the summe 
occasionally was four 
a a In 1 area w 
this type of rot was p 
a total of 196 trees cut 
decay behind basal w 
more than about | ft 
therefore, did not cau 


Isolations fron ( 


secondary fungi: however 


mycelium grew fron 


1 months, these 2 

to contain coiled basidi 
decorticated logs earli 
cultures were very simi 


corticioides Bandor 
Transfers were difli 
a dark zone deve lope cd 


The presence ol 


issociated with the He 


similarity of the brow: 


basal wounds, and the 


the only fungus isolat 


likely to cause decay 

was actually caused 
Pure culture of H 
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6-0z. bottles This me 

scribed by Leutrize 

ature of 65°F. the 

have brown pocket 

H. corticioides 

tions (Fig. 2. | 


* The growth 
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OTHER COMMON FUNGI ASSOCIATED WITH DECAY IN 
LIVING TREES.‘“—Peniophora luna Rom.—l\In_ 19508 
Hornibrook published the results of a study of decay 
in 3 Rocky Mountain conifers. In this report, he men- 
tions that P. luna entered and caused a brown rot in 
trunks of lodgepole pine. This fungus was at that 
time identified from sporophores that developed in 
cultures in the laboratory. In studies of slash fungi 
mentioned in this paper, it was found that P. luna is 
one of the common fungi fruiting on lodgepole pine 
logs in the woods. It has also been observed on dead 
branch stubs of living trees. 

Corticium radiosum (Fr.) Fr.—In the recent study 
of decay in living subalpine fir, the fungus isolated 
most frequently from a white butt ret did not appear to 
be any of the fungi previously reported as causing 
decay in living trees. A comparison of the cultures 
isolated from the decay in living trees with basidio- 
spore cultures of C. radiosum suggests that they are 
the same. At present we have no reports of C. radio 
sum ever having been isolated from living trees. It 
was isolated from 16 trees in the study conducted in 
the central Rockies. The fungus commonly fruits on 
dead wood on the ground in the spruce-fir forests at 
high elevations. 

Cryptochaete polygonia (Pers. ex Fr.) Karst.—A 
preliminary study of decay in aspen in the central 
Rockies indicates that Cry ptoc haete may be the most 
common fungus causing trunk and top rot in_ this 
species Fruiting bodies are common on dead trees 
lying on the ground and have been observed on a dead 
branch stulb on a living tree. Identifications were made 
by isolating the fungus and identifying the cultures. 
It causes a white rot, similar to early stages of decay 
caused in adspen by Fome S i2nlarius Var. populinus 
(Neuman) Campbell. 

Although Cryptochaete was present in a= greater 
number of cases (total of 113) than was F. igniarius 
var. populinus (total of 102), the latter fungus causes 
much more loss by volume in stands 100-150 years 
of age then does the former. 

Che cultural characteristics of these fungi form the 
basis for identification from decay specimens in the 
absence of fruiting bodies; data on these character- 
istics will be published later. 

Rocky MouNntTAIN Forest ano Rance EXPERIMENT 

STATION 
ForT COLLINS, COLORADO 


7 Identifications of the sporophores used in this study 
were made by Dr. Paul L. Lentz, Mvcologist, National Fun 
wus ( ollections. | . oe Dept. Aor... Beltsville, Marvland. 

> Hornibrook, E. M. 1950. Estimating defect in mature 
and overmature stands of three Rocky Mountain conifers. 
J. Forestry 48: 408-417. 

® No published report indicating that Cryptochaete po 
gonia causes decay in living trees has been found; however, 
an interim report by R. L. Black and R. J. Bourchier on 
decay in aspen in the Manitoulin areas of Ontario, July, 
1952. listed 6 isolations of this fungus. Another interim re 
port by R. L. Black and P. J. Kristopovich on decay in 
aspen in Manitoba and eastern Saskatchewan, April, 1954, 
lists 124 isolations in this fungus. Phese reports are trom 
Forest Biology Laboratories, 144 Front Street, West Toron 

Ontario 














\ MERCURY FUNGICIDE AND 


EFFECTS OF 


AN INSECTICIDE ON GERMINATION, STAND, 
AND YIELD OF SOUND AND DAMAGED SEED WHEAT! 


ee W. Roane and 


r. M. 


Starling= 


SUMMARY 


In 1954, Virginia seedsmen reported many in- 
stances of mercury toxicity or injury to wheat seed 
that resulted in a decline in germinability of the 
lots examined. 
original germination of 92 per cent to one of 76 per 
cent. Seed that declined in viability was either 
withdrawn from the market or relabeled with refer- 
ence to percentage germination and sold at a re 
duced price. The injury by a mercury fungicide to 
seed wheat reported in this paper resulted from 
penetration of the excessively cracked and chipped 


The decline was from an average 


pericarp that normally protects the embryo, coupled 
In experi- 
ments with seed lots injured by a mercury fungi- 
germinated better and yielded 


with prolonged storage after treatment. 


( ide, sound seeds 


grain than did either cracked or chipped 
seeds, and chipped seeds yielded significantly less 
than did either sound or cracked seeds. Thus, the 
fungicide, Ceresan M, proved to be severely phyto- 
to the chipped seeds, slightly toxic to the 
cracked seeds, and nontoxic to the sound seeds. The 
application of an Pyrenone, to 
wheat had no apparent effect on seed germination 
or yield of grain. It is recommended that the physi- 
cal condition of the pericarp covering the embryo 
be determined for all lots of seed wheat to be used 
in seed-treatment experiments and that 
treat and store only 
more than a very 


kernels. 


more 


toxk 


insecticide, seed 


seedsmen 
seed wheat that contains no 
small 


percentage ot damaged 





In 1954, the Virginia Department of Agriculture re- 
seed lots that 
had been certified as germinating 90 per cent or more 


ported that a large number of wheat 
were withdrawn from the market because they failed 
to germinate as labeled. Between the time the seed 
lots were certified and the time they were distributed 
to seed dealers, germination declined from an average 
of 92 per cent to an average of 76 per cent for the 
several seed lots involved. All that declined in ger- 
minability had been treated with mercury compounds. 
The seed lots involved had been treated by several seed 
distributors. According to Jones et al (9), high tem- 
peratures prior to harvest may have made the peri- 
carp susceptible to injury during harvest. It was con- 
cluded that this injury or opening exposed the embryo 
to mercury damage during storage under the high tem- 
1954. A few 


samples were injured in 1955; in 1956, however, seeds- 


peratures that persisted in Virginia in 
men again complained of large-scale reduction in germi- 
nation of mercury-treated seed. 

Samples of Vahart wheat (C. I. 12537)4 


tained from one of the companies that had withdrawn 


were ob- 


seed lots from the market because of a decline in ger- 
Samples were obtained that had been treat- 
Ceresan M. 
and with a combination of these. and seed that had re 


mination. 


ed commercially with Pyrenone? with 
ceived no treatment. The } samples were portions ot 
a lot originating from the same farm. These samples 
were studied to determine proportions of damaged and 


sound kernels, the effects of the tuner. ide and insecti 


Accepted for publication November 13, 1957 


“Associate Plant Pathologist and Associate Agronomist, 
respectively, Virginia Agricultural Experiment Station, 
Blacksburg. Virginia 

3 The C. |L. number is the cereal investigation accession 


number of the United States Department of Agriculture 


4Pyrenone, an insecticide, contains as active ingredients 
1.1 per cent piperony! butoxide and 0.08 per cent pyrethrins. 
" M contains 7.7 per cent ‘N-(ethylme 


toluenesulfonanilide 


’ Ceresan reurl) -p 





cide on viability of sound and damaged kernels, and 
the effects of injuries on yield. The results of these 
studies are reported in this paper. 

REVIEW OF LITERATURE.—Phytotoxicity of seed-treat- 


ment chemicals has been associated with seed coat 
injury at least since 1872, when, according to Hurd 
(8), Nobbe (14) reported that machine-threshed seed 
was injured more by copper sulphate than was hand- 
threshed seed because damage done to the seed coats 
by the machine allowed the copper sulphate to pene- 
trate to the embryo. Nobbe also pointed out that the 
drier and brittle the 
threshing injury. Falke (6) noted the effects of copper 
sulphate on seed with broken seed coats and found 


more grain, the greater the 


that seed produced in a dry year was more subject to 
treatment injury than was seed produced in a normal 
Volkart (19) reported that breaks in the seed 


coat exposing the embryo allowed damage by copper 


year. 


sulphate whereas those exposing endosperm did not 
allow appreciable damage. This was confirmed later 
by Woolman (21), Walldén (20), and Hurd (8). Hurd 
cone luded that damage done to seed wheat by copper 
sulphate could be predicted by the physic il condition 
of the seed. 
to be an absolute protection against damage from short 
exposures to strong Zundel (22) re- 
ported similar results and, like Hurd, pointed out that 


Perfect seed coats also were considered 


formaldehyde 


damage increased as the evlinder speed of the thresh- 
ing machine increased. 

Phytotoxicity of mereury compounds to treated 
wheat seed has been recognized and described by sev- 
eral workers (1, 2. 4. 9, 12. 16 


ently was the first to describe mercury injury of wheat. 


Crosier )) appar- 


He pointed out that the injury is expressed by produc 
vad coleoptiles and that only 
as the result of 


tion of stubby roots 


seeds whose embrvos were exposed 
cracked and chipped pericarps were injured by mer- 


Dillon Weston and Booer (4 


same relationship without knowl- 


eury compounds appar- 


ently discovered the 
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edge of Crosier’s report. Porte: l6) later substanti Paste 2 f{ecumulated percentage of germination of 
ated these findings and gave a detailed des ription of sound, cracked, and chipped kernels after incubation 
the injury, including polyploid nuclei in the stubby wstlaccteiisdl sadisicart ses tenaeiah mcalbaiainedl 
sprouts. Brett and . Dil or \ lo | | found that Percentage of kernels 
mercury-treated seed declined j viability after pro germinated after indi- 
longed storage if the nitial moisture content was Sand cated number of days 
greater than 15 per cent ey lustrated and de Seed treatment condition 1 7 10 
scribed stubby coleoptiles and roots but did not refer = c 
None Sound 16.7 98.0 995 
to damaged pericary Koehler 10) studied the ef Cracked 57.2 96.7 98.0 
fects of mercury treatment ield of wheat after Chipped 28.2 69.0 84.2 
various storage period He 1 irted suppression of Pyrenon Sound 18.0 93.7 95.2 
vield atter prolonged forage but did not take into Cracked 17.0 94.2 96.0 
consideration the propor on of eeds with bre is iti Chipped Ho B2.2 86.7 
the pericarp Machacek and Wallace | 12 found that Ceresan M Sound M).. 87.2 
top grades of wheat that contained more plump ket hi, mec a ge 
lipped = 21.5 2.5 
nels than did intermediate grades were more subject Ceresan M + Pyrenone Sound 17.5 94.8 
to the threshing damage and nsequently. were more Fn 97 =0 5 
subject to mercury injury than were lots of intermedi Chipped 18.5 ).2 
ate yrades. More recently, Mids te i (.rosier and Average of 6 replicates, ea h consisting of 100 kernels. 
Midyette (3), and Jones et 9) have reported an 
uncommonly severe occurrence of mercury jury was injured more than that of Pawnee, but they did 
coupled with pericarp damage eed stocks from not determine whether the 2 varieties differed in peri- 
Virginia. carp damage. 

Overland and Nels rted that slurry treat Hsi (7) studied the effect of 4 fungicides containing 
ment with copper carbonate reduced seed germinatior mercury at 4 rates of application and 2 storage periods 
of 5 varieties of wheat when compared with treatment on germination and seedling injury of 2. varieties of 
with copper carbonate dust i with no treatment wheat. He concluded that mercury injury to wheat is 
They made no reference to I ous work on phyto influenced by kind and dosage of tung ide, duration 
toxicity of fungicides to damaged seed. Purdy and — of storage after treatment. and inherent differences in 
Holton (18) and Purdy I ive re ported iInconstist wheat. Hsi failed to determine the phiysic al condition 
ent results with phytotox I tude on seed wheat ot the pericarp even though he was aware of Crosier 
they attributed these to difference ) soil moisture and Midyette’s report. 
and temperature. In 1954, they reported the seed of MIATERIALS AND METHODS.—The seed used for the 
Idaed and Federation wheat a ensitive to treatment experiments reported herein was obtained from the 
in 1955, however. Purdy considered Idaed seed tolet Southern States Cooperative, Richmond, Virginia, and 
ant and Federation seeds tive to mercury treat came from lot number 3052AD of Vahart wheat. The | 
ments. In neither ¢ f \ madition of the seed samples provided were an untreated sample and 3 sam- 
considered. Koehler and Re 1) obtained differ ples treated as follows: 1) with Pyrenone, 1! oz. | 
ences in seed germination tft f lted fron i high bushel: 2) with Ceresan M applied as a slurry. ly 
dosage of fungicide lo stor e time ind a oh oz. bushel: and 3) with Pyrenone + Ceresan M, 1' x 
moisture content Phe ere f nh phytoroxicity ind Ve oz. bushel, respectively. These treatments were 
were not in proportion to latility of the con applied in August, 1954, and the 4 seed samples had j 
pounds used. They re ted t seed of Vigo wheat been stored in a commercial warehouse until late | 

October. when the writers obtained the seed. During 

a { p , the period of storage the samples were exposed to a 

from the 4 ¢ it r rio brief period of temperatures in excess of 100°F. Sepa- 

eTLOUS fy é rations of each sample into groups of sound seeds. of 

ragdOus those with cracks in the pericarp over the embryo, and 

—- of those with chips or missing parts in the pericarp 

were re ' } that exposed the embryo were made with the aid of a 

lavs 20) dissecting microscope. 

Seed treatment 15 Germination tests were carried out in papel! towel 

a ‘ v or “9 On 9 “ragdolls.” One hundred seeds to be germinated were 

\ af 4 ¢ 012 rolled into folded-type paper towels that were flattened 

ieee \ 95 | 0 952 hefore they were used. The ragdolls were held in a 

\ 0.2 O84 O64 rolled position by rubber bands. Five or 6 groups of 

Ceresan VM \ 19 Q5 2 95.4 ragdolls each yroup ae re plic ite were hound  to- 

\ 2 94.0 95.0 gether and placed upright in a dish. After enough 

Ceresan VI Pyret \ 90.6 9 91.8 water was added to the dish to moisten the towels. the 
\ () Q ) O2 ¢ 


dish and towels were covered with a bell jar for the 


Average of 5 1 f 100 ke duration of the germination period. Yield determina- 
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tions were made with 6 replications of single-row plots, 
the rows being 10 ft. long and 1 ft. apart; seeding was 
at the rate of 10 g ot seed per row. The yield data 
were analyzed statistically. The single-row plots were 
not entirely suitable for yield determinations, but plot 
size was determined by the seed available, which was 
limited by the tedious task of separation. 
Resuits.—Proportion of sound and damaged seed 
in the 4 treatments.—Throughout this study, seeds with 
neo visible damage were considered sound. Damaged 
seeds were those with breaks in the pericarp over the 
embryo only. Two types of damage were noted. In 
some cases, there was merely a fissure in the pericarp; 
in others, small pieces of the pericarp were missing. 
Hereafter, these types of damage are referred to as 
cracked and chipped, respectively. About 33 per cent 
of the kernels were sound, 34 per cent cracked, and 
33 per cent chipped, a total of 67 per cent damaged 


kernels. 


vided among the 3 conditions. 


The seedlots were remarkably uniformly di 
Germination of seed in ragdolls.—Preliminary tests 
indicated that paper-towel ragdolls would be satisfac- 
tory for the determination of the viability of seed that 
had been subjected to the various treatments; how- 
ever, saprophytic fungi occurring in the towels occa 
sionally interfered with the results Therefore, it 
seemed necessary to treat the paper towels with a 
fungicide to¢prevent the growth of saprophytic fungi. 
In an effort to solve this problem, a comparison was 
made between seeds germinated in towels treated with 
\rasan® and those in untreated towels. Germinated 
seeds were counted and removed trom the ragdolls 
after 4, 7, 10, and 15 days. 


of 4 davs. most seeds were observed to be germinating 


After an incubation period 
normally but some had stubby sprouts, evidence of 
mercury injury; however, all that sprouted were count- 
ed, with no attempt to separate normal from abnormal 
seedlings. 

After 4 days, seeds in untreated towels had germi- 
nated better than those in Arasan-treated towels, but 
after 7. 10. and 15 days. there was little difference 


between counts from treated and untreated towels 


(Table 1] After 10 days, more than 90 per cent of 
the seeds of all treatments had germinated. Fewer 
fungi developed in the Arasan-treated towels: there- 


fore. Arasan was used to treat the ragdolls for the con 
trol of saprophytic fungi. 

Germination ot sound and damaged seed. separa 
tion of sound, cracked, and chipped kernels in each 
treatment were made and the seeds were germinated 
in Arasan-treated paper-towel ragdolls. The experi 
ment was performed in November, 1954, 3° months 
after the seed were commercially treated. When com- 
pared with sound kernels, chipped kernels germinated 
poorly and slowly. Cracked kernels germinated some 
what slower than did sound ones but were not as subject 


to killing 


the germination and killed some chipped kernels. Pyre 


is were chipped kernels Ceresal M ret irded 


© Arasan cé carbamoy!l) 


ee or 
disulfide (—thiram) as the active ingredient 


mtains 50 per cent bis(dimethylthi 
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laste 3.—Estimated stand on April 28, 1956, of wheat 
grown from sound, cracked, and chipped seed treated 


with combinations of Pyrenone and ( eresan Vv" 


Percentage stand when con- 
dition of seed was as 
indicated 





Seed = = oi = = 
treatment i as & = = < 
None 98.6 90.6 89.3 94.5 93.9 a 
Pyrenone 98.0 93.5 90.3 93.5 94.2 a 
Ceresan M 88.1 84.0 7.1 80.5 78.4 b 
Pyrenone 

Ceresan M 86.3 83.2 70.9 BO.5 80.5 b 
Mean 94.0 88.2 18.4 88.1 
Group i b Fi b 


\verage of 6 replicates of single-row plots measuring | 
10 ft. 
Means grouped according to the method of Duncan 
yy. lreatments having a letter in common are not sig 
nificantly different from each other; conversely any treat- 
ments that do not have a letter in common are significantly 
different from each other 


Although counts 


were made after 21] days, no differences were observed 


none produced no measurable effects. 


and a count after 10 days was satisfactory (Table 2). 


Germination in soil.—In the above experiments, no 
ittempt was made to distinguish normal from mercury- 
injured seedlings. The stubby, mercury-injured seed- 
lings sometimes grew into apparently normal plants. 
Since the chipped seeds, comprising one third of the 
total sample, were most susceptible to mercury injury, 
it seemed advisable to determine the ability of seeds 
from the various treatments to produce plants. It was 
thought that the stubby, retarded plants should, per- 
haps, be more subject to attack by soil fungi than are 
normal plants or else that they might not become es- 
tablished in time to become anchored before the heav- 


ing effects of freezing and thawing begin. Therefore, 


TABLE 4 Vean height or {pril 28, 1956, of wheat grown 
from sound, cracked, and chipped seed treated with 


combinations of Pyrenone al 


grown trom see I 
ndi ind | 
Seed = - = = & 1 : 
treatment i a a So @ = & 
in iT in 
None 1] ) | 10 i 
Pyrenone 11.3 7 7) 10 a 
Ceresan M 10.3 f) f 9 { 6 b 
Pyrenone + 
Ceresan M PAL ; f ‘ Z b 
\Viean 10.6 96 06 
Group i ab I al 
Average of 6 replicates of sing v | S isuring |] 
10 ft. 
For an explanation of the sta il groups. see Table 3 
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TABLE 5.— Mean } ra 
and chipped see reate vil ’ nations of Pyre 
none and Ceresan Mf * 
Me in if } . per 
—= - re 
is i 
Seed - 
treatment f ds So = i 
None | 11.0 i 
Pyrenone 43.6 it } } i 
Ceresan M 15.9 ) ) f 
Pyrenone 
Ceresan M i? 6.0 0 D 
Mean 13.1 
Croup i 
Average ot 6 repli { t easurin 
10 ft. 
For an explanation roup bl. 
germination in soil was de ed necessary 
In December. 1954 el I ed were 
treated, bulk samples | were plant 
ed in greenhouse field , a 
randomized complete Oo th 6 replicates 
Stand counts were taken IS. davs Percentage 
germination was 92.8 for eed, 93.7 tor seed 
treated with Pyvrenone OY. fT i treated with Cere 
san M. and 89.8 for seed i th Ceresan M pl 
Pyrenone The differences wel t statistically sig 
nificant. These result | te that seeds fi ill 
treatments should produc i ite stand 
Effects of seed ( 
sound, cracke d. and j . “et itions of seed 
into sound, cracked i! were made trom 
L treatment sample Va t w if An original 
sample from each treatmer taken as a fourt 
group The wheat wa | ] i-row pilots 1 mid 
October 1955. 14 ont i reatment. in 6 repli 
cates of a split-plot de eed treatments being 
the main plots and the 4 tvpes the ibplot It 
was realized that due diffe 
ences in stands n t he iated by competition 
from adjacent rows it icht that the con 
plete randomization wit » might tend to re 
duce competition eftiects » inds and he h 
were estimated on Apr 4 1956. Weather conditions 
were favorable thre ; 2 ind the plots 
were mn excellent ( lit I rvest Phe entire 
l 1O-ft plot wa rvest Alt igh the samples 
were stored for ipp X i } s alter reat 
ment, even the plant row rol hipped seeds pro 
duced good vields i he é test should have een 
planted in the same year | the seed were treated 
but the s imples vere received ft late to make the 
separations 
Highly significant differ ! tand, height. and 
vield were found for condition of seed 
(Table 3, 4, 5) There vas » statistically significant 
interaction of treats I 
The means in Table 5 show it sound seeds out 
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vielded cracked seeds, that chipped seeds yielded the 
and that Ceresan M, but not Pyrenone, affected 
The treatment 


east, 


yield adversely. means in Tables 3-5 
that injury 


even to the sound seed. It is probable that some of 


indicate mercury treatment caused some 


these “sound” seed were cracked but that the fissures 
separated, 


were not 


were not noticed when the seed were 


Although 


stand, height, 


statistical determinations made, 


and yield appear to be correlated. 


Discussion.—The merits of proper use of seed- 
treatment fungicides have been demonstrated many 


mercurial fungicides are phytotoxic in 


That 


excessive amounts or to seed of high moisture content 


times. 


accepted and observed by many ex peri- 


\s indicated in the 
kernels that 


as to expose the embryo 


has been 


menters. accompanying review of 


literature, wheat are damaged in such a 


way are highly susceptible to 


damage by fungicides, especially as the storage period 


following treatment is lengthened. Despite the exist- 


ing reports, the results of numerous studies on the 


effects of fungicides on seed germination, stands, 


yields, and varieties of wheat have been published 


without any apparent regard having been given to the 
used. It 
apparent from the experiments reported here that the 


physical condition of the seed should be 

proportion of sound, cracked, and chipped seeds should 

he ascertained for seed lot 
Otherwise, the 


that the 


each used in wheat seed- 


treatment experiments. experimenter 


seed of 1 


variety is more susceptible to fungicidal injury than 


is apt to conclude erroneously 


that of another when, in fact, the seed may have been 
predisposed differently to injury by improperly oper- 
Such 


ited threshing machines. a conclusion might be 


reversed or not substantiated if sound seed were 


obtained for subsequent experiments. Hurd (8) stated 
that the damage that would be done to seed wheat by 


copper sulphate treatment for smut and by  sapro- 
phytic fungi could be predicted by examination of the 
physical condition of the seed. This statement was 
reiterated by Jones et al (9) and is reiterated here. 


lhe mere fact that there has been a shift from copper 
iltered the 
pointed out that 
slowing the 


to mereury Compounds has not situation. 


Hurd (8) and Zundel (22) 


l may be 


have 


damage to the seed reduced by 


cylinder speed of the thresher. In addition, machines 


should be properly adjusted. Seedsmen should empha- 


size these points to their Since it has been 


that 


growers. 
increases mercury in- 
lots should be 
should be 


seed be 


shown prolonged storage 


jury. seed treatment of damaged seed 


delayed as long as feasible or the dosage 
reduced. If that the 


cleaned, treated, and bagged in 1 continuous operation 


economy demands 


followed by a prolonged storage period, it is suggested 


that only those lots containing few damaged kernels 
be treated with mercury compounds. If spores of 
bunt fungi are present, however, treatment with 


mercury compounds is mandatory 
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INVASION AND INFECTION OF CROPS OTHER THAN THE FORMA SUSCEPT 
BY FUSARILUM OXYSPORUM F. BATATAS AND OTHER FORMAE!' 
| d F. Hendrix. Jr.. and L. W. Nielsen 
SUMMARY 
In greenhouse sand Fu im OX were observed only in sweetpotato plants. When 
sporum | hatatas i f olonized roots and tested, 147 of the 402 isolates obtained from these 
stems of ino i ‘ potato, cabbage crop plants were pathogeni to sweetpotato and 
tobacco, soyvbea | Iris potat wate! considered to be f. batatas. When compared as 
, melon, cowpea, c* PCO plants. The orga groups. isolates from tobacco, soybean, and corn 
ism caused externa mpl y in sweetpotato were more pathogenic to sweetpotato than were 
F. oxysporum formae nive pee BERS ECE those from cowpea, snapbean, or tomato, but less 
lycopersict, conglutinans ande invaded ang yathogenic than were isolates from sweetpotato. 
colonized roots and ste culated sweetpotato — Some isolates from tobacco, soybean, and corn. 
plants but only the Roms Syme however, were as pathogenic as were isolates from 
Cultures isolatee f potatoes noculated 
with F. oxysporur { were leas patho sweetpotato 
venic to tomato tl , I cultures On the basis of these findings. it is suggested that 
Fusarium oxys] ited from roots the persistence of F. oxsporum t. batatas and other 
and stems of to to ‘ tato ibbage. tobacco formae in the soil results from the invasion and 
soybean. snapbeat wate owpeda, cor! ind colonization of plants other than the formae sus 
cotton planted ested field soil at cepts in addition to their saprophytic and patho 
2 locations I veve 1sease¢ -ymptoms genic habits 
Fusarium wilt of swe » (Ipomoea batatas (1 oxysporum {. nicotianae (J. Johnson) Snyd. & Hans. 
Lam.), caused by Fus im {.batatas (W1 that were pathogenic to both sweetpotato and cotton, | 
Snyd. & Hans., is at port | disease on many F. vasinfectum Atk. from cotton was pathogenic to 
farms in the Piedmont 1 ¢ tal Plats reas of  burley tobacco and cotton. F. oxysporum f. batatas 
North Carolina | ( n poor stands Irom sweetpotato was pathogenic to sweetpotato and 
low yields, and poor-q Like other wilt burley tobacco, and some isolates were pathogeni 
Fusaria, the fung hy erved to persist in the to flue-cured tobacco. Armstrong et al (5) presented 
soil many years in the yveetpotato culture evidence that 1 fungus is involved in causing Fusarium 
(10). Armstrong \ own that wilt of cotton, okra, Cassia, and tobacco. 
F. oxysporum f{. batat colonizes the roots The objectives of this research were to determine 
and stems of ino if ott ( Mexican clover whether a virulent isolate of F. oxysporum f. batatas | 
okra, sage, sovbe | t rowll I is obviously pathogenic to crops commonly grown in 
sand culture. hl rt etpotato roots and rotation with sweetpotato in North Carolina or whether 
stems were invaded / I senpectur it merely invades and colonizes the roots of these pl ints 
(Atk.) Snyd. & Hai without inciting external symptoms Similarly, do 
(Sace.) Snyd. & H ( row helds other formae present in North Carolina damage sweet- 
infested with / | vere yvaded potato, or do they only invade and colonize the roots 
this forma, alth if this crop? 
developed. Waite D) olated MATERIALS AND METHODS.—-The crops and Fusarium 
sporum ft. cubes 3 ~ 1 & Ha iron formae used were as follows: Porto Rico s-weetpotato: 
stolons and roots of ( pP } fas Brown Crowder sugat cowpea, Vigna sinensis Endl.; 
culatum Willd ? / ( New Hampshire Midget watermelon. Citrudlus  vul 
Raddix ind / Sehit l garis Schrad.: Kentucky Wonder bunch = s1 ipbean, 
and from the re bb uM Phaseolus igaris L..: Trucker’s Favorite corn, Zea 
ing in infested ha vs | Stoneville cotton, Gossypium hirsutum L.; 
Several invest it t | I Qeden soybean. Glycine max | Merr.: Bonny Best 
ium from 1 eroy ithe ts of othe tomato. Lycopersicon esculentum Mill.: 402 tobacco. 
crops Harter at | 1 Y speci I Vicotiana tabacum L.: Copenhagen Marketer cabbage, 
plants with the swe 1 it ¥ Brassica oleracea var. capuata L.: and Irish Cobbler 
pathogenic to y-leaved / potato, Solanum tuberosum L. The formae of Fusar 
hederacea Jacq otato. In gree im oxysporum were batatas, niveum (E. F. Sm.) Snyd 
house tests, Smit S ' te f I & Hans... phaseoli Kendr. & Snvyd asintectum, lyco 
: sicl, conglutinans (Wt Snyd. & Hans, and nico- 
\ecepted ok. ' frana Single-spore cultures were prepared of all 
Published with t ! ) tor | an Wa . 
nts of tie teernal 5 ‘ es formae by the Hansen and Smith technique (6), and 
Experiment Statior pathogenicitv. of the single-spored lines was demon- | 
4 
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Paste 1.—Incidence of vascular browning in, and frequency first 5 internodes. Root and stem cross sections were 


of recovery oft Fusaria from, various Crops grown tur 


in 


sand culture and root ineculated with I isarium 


oxysporum f batatas 


No. of living plants with No. of plants yield 


Crop vascular browning ing Fusaria 
Cowpea } 20 
Watermelon 0 D4 
Snap bean 1Y ua 
Cotton 10 23 
(orn 0 0 
Tomato 0 "% 
Irish potato 7 15 
Tobacco 13 0) 
Sovbean 15 16 
Cabbage ld 15 


\ total of 30 plants inoculated 

Four snap bean, 3 soybean, and 5 cabbage plants died 
in | of 3 tests 
Of the isolates selected from each crop, all were pathogenic 


lsolations were not made from dead plants 


to sweetpotato 


strated. Stock cultures of pathogenic isolates were 
maintained on potato-dextrose-agar slants under min 
ral oil at room temperature. 

In addition to potato-dextrose-agar (PDA) medium 
used for maintaining stock cultures and for comparing 
colony characteristics of Fusaria isolated from crop 
plants. a 20 per cent V-8 (Campbell's V-8 juice. a 
blend of vegetable juices) agar medium containing 30 
ppm each of streptomycin sulfate and oxytetracycline 
was used for isolation from tissue. All inoculum was 
grown in modified Richard’s solution in shake cultures 
for 72 hours at room temperature. The solution con 
tained NH,NO, (10 g): KH.PO, (5 g): MgSO, 
7H2O (2.5 gi): FeCl,-6H.O (0.02 sucrose (50 
x), and water (1000 ml). 

Plants of the several crops were grown in sand o1 
soil in the greenhouse and in field soils naturally in- 
fested with F. oxysporum f. batatas. In the sand- cul 
ure studies. 10 transplants or seed of each crop wert 
planted around the periphery of 9.5-in. glazed crocks 
ind irrigated daily with nutrient solution (2) until 
solution drained from the bottom of the crock. Plants 
requiring mechanical support were tied to sterilized 
reeds. During winter months, a 15-hour photoperiod was 
provided with fluorescent lights Between tests, the 
rocks were steamed for a minimum of 3 hours. In 
ther greenhouse tests. inoculated plants were grown 
in 4+in. pots of sterilized soil. The 2 fields infested 
with the sweetpotato wilt Fusarium were located near 
Bethel and Benson, North Carolina. The several crops 
were replicated 4 times in 25-ft. plots 

[solations were made within 24 hours after plants 
were removed from sand cultures or field soil. The 
plant parts were disinfested for 10 minutes in aque 
tus commercial Clorox (5 per cent sodium hypochlor 
ite) solution diluted 1:10 (3). 
Petri dish halves. and sectioned with sterilized razor 


blade S 


i.e. near the end of the tap root, midregion of the tap 


transferred to sterile 
Four cross sections were cut from each plant, 


root, at the crown or soil line, and 1—2 in. above the 


soil line 


Sections trom corn pla its were cut from the 





approximately ‘x, in. thick, and all sections from a 
single plant were placed equidistant around the per- 
iphery of a Petri dish containing about 25 ml of 
medium. After a growth period of 24-36 hours at 
24°C, mycelial transfers were made from 
colonies to test tube slants of PDA 
sections from which Fusaria had not grown after 36 
hours were incubated for an additional 72 hours before 


being re-examined and transferred or discarded Iso 


Fusaria 
Plates containing 


lates were stored at room temperature until compared 
with the forma being tested for pathogenicity. The 
morphological and cultural characteristics of Fusaria 
from plants of each crop in the field or greenhouse 
tests were compared with formae stock cultures. I[so- 
lates resembling the stock cultures were used in patho- 
genicity tests. 


EXPERIMENTAL RESULTS.—Inoculation « 


f crops wih 
Fusarium oxysporum }. batatas—The several crops 
growing in sand culture were root inoculated with f. 
batatas by pouring 500 ml of culture fluids containing 
the fungal growth over injured roots as described by 
Armstrong (2). One week later all plants were inocu 
lated again and incubated for an additional 6 weeks. 

F. oxysporum f. batatas was isolated from living 
plants of all species tested (Table 1). In most cases, 
Fusaria were obtained from all cross sections irrespec 
tive of the portion of stem or root from which the 
isolation was made. This agrees with Armstrong and 
Armstrong (3) and indicates that the organism had 
entered the roots and grown up the stems of the plants. 
Selected isolates recovered from each crop were patho 
yenic to sweetpotato In these experiments, 1 batatas 
did not cause external symptoms in any of the crops 
tested but did cause vascular browning in some of the 
crops. 

Inoculation of sweetpotato with other Fusaria. 
Formae of Fusarium oxysporum trom cotton, tobacco 
cabbage, snapbean, watermelon, and tomato were iso 


lated from most of the sweetpotato plants growing 


PaBLe 2 Incidence of symptom development in, and fre 


quency of tsolation of Fusaria trom sweet potato plants 
grown in sand culture and inoculated with various formae of} 


I 4sarium oxvsporum 


No ot No ot 


living plants living plants 


No. of dead with vascular yielding 

Formage plants browning Fusaria 
ycopersict l 6/29 29/29 
rasinfectum v4 »/28 I6 28 
onglutinans ] 4/29 8/29 
niveum j 2/26 21/26 
phaseoli 0 0/30 28/30 
nicotianae a »/3 5/3 


A total of 30 plants inoculated in 3 tests 

Numerator is number of living plants with vascular 
denominator is the number 
of living plants examined. Of the selected isolates of each 


browning or yielding Fusaria: 


forma, all were pathoge nic to the forma sus« ept except those 
isolates from plants inoculated with f. lycopersici. They 
) 


were not pathogenic in 2 tests and only weakly pathogenic 
in the third 
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\ 
on sand culture 1 f j pathogenicity to sweetpotato, 147 were found to be 
respective format ble 8) f otlanae caused pathogen Nearly one half or more of the selected 
obvious symptoms ‘ 1 agre will isolates from each crop were pathogenic to sweet- 
results reported pre () r formae iused potato, with the exception of those from watermelon 
no external vine symp! ere were i ind cowpea grown at Bethel. It is evident that f. 
lar symptoms associated formage the hatatas invades and colonizes several crop plants 
first test Phe repre ilture of to if erown in naturally infested field soils 
isolated from swet [pol ex from plant mocu \ further evaluation of pathoge nicity of these iso- S 
lated with f. /ycope ic to the forma lates was made in a factorial experiment in which tip S 
suscept in each test tures from plants cuttings of sweetpotato vines were inoculated in the 
inae ulated with f{ t pathogenic to creenhouse with the 8 most pathogens cultures from 
tomato; in the third, th eakly pathogeni each crop in the above study. The vine cuttings (about ( 
These results indicat t potato is a suscept 8 in. long) were inoculated by immersing the severed ( 
to f. nicotianae and can be it ! and colonized by ends in shake culture inoculum and then placing ¥ 
other formae without develoy ne symptoms Of them in 4-in. clay pots half tilled with steamed soil, ; 
the several formae, / Orul ypersicl was the Fifty ml of inoculum were poured around the bases < 
least successful in etpotato root ind of cut stems, and the pots were filled with soil. Each \ 
stems pot of inoculated plants was placed on an inverted 
Growth of test cro; held so The test clay saucer during incubation and disease develop- 
crops were planted about 1. June the 2 fields ment. Noninoculated cuttings and cuttings inoculated 
naturally infested wit Iwo and 6 weeks with the steck culture of f. batatas were included as 
later, plants of each crop wer ned for external controls. Each replication consisted of inoculating “ 
symptoms ind 5 plants fro wot were removed ) cuttings with each isolate; the inoculation was re- 4 
for the making of isolatir peated 3 times for all cultures. The number of plants 
Kor the 2 samplir dat nts of each crop killed and vascular browning were recorded 28 days d 
were examined: external ny developed only on after inoculation (Table 4). 
sweetpotato Vascular roy Va present n 6 The Fusaria from the various « rops were not equally 
tobacco, 4 cabbage ) yw pe vatermelon, | snap pathogen to sweetpotato. Isolates from sweetpotato ' 
bean, and 2 cotton plant were almost as pathogenic as were the stock cultures 
The proportion of I hing Kusaria varied of {. batatas Isolates from tobacco. soybean. or corn u 
with the crop and locatior ible 3 At Benson were more pathogenic than were those from cowpea, , 
all crops except soyhe tt vielded = mor tomato, or snapbean. Whereas the groups of Fusaria " 
Fusaria than did tob je ea t Bethel more from other crops were not as pathogenic as were those 2 
tobacco plants yielded | iria than did those of other from sweetpotato, individual isolates within some : 
crops. From ill crop LO? | i iltures were ob groups were equally virulent (Table 4. column 3). , 
tained: of these, 266 resembled { tas when grown Three of the 120 noninoculated plants died; this loss | | 
on PDA. When thes hf were tested for was attributed to the use of some vine cuttings from | 
r 
a 
Paste 3.-Percentage plants elding Fusaria when grown in soil naturally infested with Fusarium 
oxysporum at entage of Se fed i tles pathogenl fo sweetpotato / 
No. of isolates tested for Percentage of selected | ' 
Ni '4 Yercentage of plants pathogenicity to sweet isolates pathogenic to : 
Crop" vieldis i vieldit kusaria potato sweet potato ( 
Reneor | Benson Bethel Benson Bethel Benson Bethel s 
field held field held held held field I 
Tomato 2 8 53.1 15 8 60.0 50.0 ; 
Sweetpotato Pf ( ) 67.9 12 13 83.3 84.6 
Cabbage 18.4 62.5 13 17 53.8 64.7 . 
Tobacco 0.0 84.4 7 18 12.9 M44 
Soybean 14.4 5.0 13 14 53.8 12.9 
Snapbean 74.4 19 17.4 
Watermelon 0.0 18 19 66 56.8 
Cowpea 4 ) 2.0 4.4 18 15 61.1 20.0 
Corn 4 60.0 68.8 1] 14 tat 57.1 
Cotton 14.4 1.9 12 10 66.7 50.0 ‘ 
Total 119 147 


LSD 5 27.2 25 NS NS 


“Trish potato fa 
Isolations made 


fy ' f : f 


Snapbean did not é 
nay ind 
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TABLE } Vean pathogenicity to sweetpotat 1 fF usaria 
isolates iror each or Y crops growl in fiieid Sol 
y if ifa , inte sted with Fu sSariun v ysSporum 
atatas 


Vascular No 


rysporum t Mean no. of | browning killing all 

hatatas dead plants" index plants 
Standard culture 1.8 5.0 
Sweetpotato 4.0 5 7 
Tobacco » Be .8 ; 
Sovbean 2.5 .8 2 
Corn 2.0 4 2 
Cotton 1.8 3.3 0 
Cabbage 1.6 5 0 
Watermelon L5 3.4 0 
Cowpea 1.4 | l 
Tomato 1.0 ,0 0 
Snapbean 0.8 0 ANE 0 
Noninoculated 0.02 023 

check 

LSD I 0.82 0.48 

9 0.62 0.36 


Mean number ot dead plants in 3 re plic itions oto plants 


28 davs alter ino ulation, 


: : 

0 no vascular browning; | 1, of the xylem ring 
discolored; 2 1. of the xylem ring discolored; 3 yA 
of the xvlem ring discolored; 4 9/10 of the xylem ring 


all of xvlem ring discolored o1 pl int dead. 


discolored: 5 

Data not included in the analysis 
roots grown in infested fhe lds. 

To eliminate the possible influence of culture me- 
tabolites (11) on and plant 
death, the 
in the above experiment were grown in shake culture 
filtered out with 100 


The mycelial mats were resuspended 


symptom development 
most pathogenic cultures from each crop 
and the mycelium and washed 
ml of tap water. 


in 150 ml of sterile water and used to inoculate sweet- 


potato vine-cuttings. Plant death and vascular brown- 
ing symptoms were recorded after 28 days. The re- 


moval of metabolic products from the inoculum did not 
appreciably alter the virulence of the several Fusaria. 
isolation of F 
batatas from roots and stems of the several crops plants 


DISCUSSION. The oxysporum tf. 


devoid of external symptoms, in both the greenhouse 


and field tests, is evidence that the fungus invades and 


This 


sion and colonization of various plant roots affords a 


colonizes plants other than sweetpotato inva- 


means for the survival of virulent fungus strains in 


many years in the absence of sweet 
Although 
cerning the effect of this phenomenon on persistence 
of virulent strains of F. field 


soils over a period of years, the value of crop rotation 


infested soils for 


potato culture. no data were obtained con 


batatas in 


OXY sporum | 


as a control practice in reducing losses from Fusarium 


wilt of sweetpotato is open to question 


Fusaria formae inoculated to sweetpotato plants 
were isolated from a large proportion of the plants 
Although this crop was not planted in field soils in 
fested with the several formae, the evidence suggests 
that sweet potatoes also serve to perpet late other 
Fusaria formae in infested soils, as pointed out Dy 


Armstrong ind Armstrong (3). 


The failure to isolate consistently virulent strains 0 


f oxVvsporun ; 


; 


from inoculated sweet 


yeope rsicl 
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ARIUM OXYSPORUM ON VARIOUS CROPS aaa | 


potatoes does not fully corroborate results reported by 


Armstrong and Armstrong (3). In a subsequent 


report { 1). they presente 1 evidence of the existence of 
sovbean and wilt 
races also exist in F 


( ould 


investigations with this forma. 


biological races in the cowpea 


| usaria. Biological OxVSporum 


f. lycopersici (1), which account for this dis- 


crepancy between the 


No attempt was made to determine which root and 


stem tissues were invaded by the formae inoculated to 


sweet potato or of other crop plants invaded by F., 


oxysporum ft, batatas. On the basis of results reported 


(3) on the adequacy of hypochlorite disinfestation for 
destroying Fusaria borne superficially, it was assumed 


that the Fusaria isolated from roots and stems were 


Arm 


k usarium 


established within these Armstrong and 
isolated the 
from the wood in the tap root and from the wood and 


bark of the Waite 


and Dunlap (9) banana 


organs 


strong (3) sweetpotato wilt 


lower stem of inoculated cotton. 


observed mycelium of the 


wilt Fusarium in the outer cortex of Para grass 
stolons 
The invasion and colonization of plant roots by 


present an interesting suscept patho- 
With the exception of F. 


none of the formae incited external symp 


Fusaria formae 


gen relationship. oxysporum 
I. nicotianae, 
toms in sweetpotatoes, nor did F. oxysporum f. batatas 
incite external symptoms in the plants of other crops. 
Vascular 
was present in a 
other 


The vascular 


a typical internal wilt symptom, 
number of 
this 


symptom 


browning. 
forma-host combinations, 
was absent. 


that 


but in combinations symptom 


browning some 


suggests 
formae were causing deleterious physiological changes 


within the suscepts. Measurements ot plant growth 


following inoculation might have revealed a chroni 
disease reaction devoid of external symptoms; how- 
ever, the vigor with which most plants grew after 
inoculation suggested little injury from the invading 
forma. 
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RING REACTION IN BEAN 
Vi. Wilson - 


M MARY 
sidered significant. In rusted and TMV-infected 
bean leaf tissues, acquired self-protection Was Tre- 


duced by washing the infected tissue with water. 
\ rM\ 


sue at the periphery of rust pustules) occurred in 


pie 


rust necrotic-ring reaction (necrotic tis- 


an leaves when rust inoculation preceded TM\ 
but 
At greenhouse temperatures ove! 


when inoculations were in re- 
> 
30 
. intervals between inoculations of 1 to 3 days pro- 
necrotic than did in- 
No such effect was observed 
The more the 


inoculation, the more quickly did 


inoculation, not 
verse order 
( 
duced much smaller rings 
tervals of 6 to 8 days. 
at 


pustule al 


lower temperatures. mature rust 


rM\ 


necrotic-ring formation follow. 
Mechanical inoculation of TMV produced only a 
few small local lesions in Bountiful bean leaves. 


=. No. 3. 


and no local lesions in bean varieties | 


Harter No. 780, and Harter No. 814. However. 
rusted leaves of all 4 varieties. as shown by the 
number of rust-TMV necrotic-ring reactions. were 
susceptible to TMV infection in a narrow band of 


tissue at the periphery of the rust infection. 





vene 
Cross-protection bet in rust fungus 
l romyces phaseolt fy pice Pe VW int ind tobae 
co mosaic virus (TM\ yas demonstrated in bean 
leaf tissue. TMV-infected ives showed re 
sistance to rust ippare! to inhibition o 
uredospore germination ted beat leave 
showed a resistance to TM\ ctior 
Aqueous diffusates fron edospore sprayed on 
hean leaves, protected ag t both rust intection 
and the formation of VI\ il lesions in the 
leaves. Diffusate concentra is obtained suth 
cient to give 81 and 68 pe control respective 
ly. of rust pustules and TM\ il lesions on Pinto 
bean leaves. These diffusat nhibited the germi 
nation of uredospores 
Aqueous diffusates from bean leaves infected with 
rMV. sprayed on beat protected igainst 
rust infection. Diffusat ntration was obtained 
sufficient to give 72 per cent reduction in the num 
ber of rust pustule P bean leaves These 
diffusates ive protectior yainst TMV local 
lesions. but so variable t results are not con 
Infection ol bean Pp} s ‘ LAaATIS | le ives 
with tobacco mosaic vir VN or rust. Uremyces 
phaseoli typica (Pers W ts In resistance of 
adjacent healthy tissue t with the respective 
virus or rust (3, 4). Ya suggested that this 
“acquired immunity 1 to the formation of 
antibodies. His original evids some indication 
that the rust resistance was d t i volatile toxic gas 
liberated by the rust-infeeted more recently he 
reported evidence that wate I nonvolatile mate 
rials are associated with the phenomenon (4, 6 
The present paper reports experiments in which rust 
TMV cross-protection was observed in bean leaf tissue 
MATERIALS AND METHODS.—— Be rust (race 5) and 
a concentrated solution of tobacco mosaic virus 
(TMV) obtained by ultracentrif igation§ tron PMV 
infected Turkish tobacco plants were used throughout 
this study. Primary leaves of P ean plants at o1 
near the 10-day stage of were used except 
where otherwise indicated. hh lations were on the 
upper surface of the experimental leaf The virus 
! Accepted for publication N 195 
~ Research Assistant. Uni ( fornia. Berkeley 
The author is indebted to Dr. C. E. Ya if n 
agement, guidance, and helpfu tions given throug! 


out this work 


inoculations were made according to the methods de- 
using 1.0 per cent KAHPO, 
inoculations 
ot 
the leaves of the experimental plants. which were then 
held 10 to 12 hours at 16° to 18° C 
in the dark. All in vivo experiments were conducted 


in the greenhouse with plants watered at the soil level 


(Zz). 


Rust 


=( ribed by Yarwood 


and carborundum. were made hy 


atomizing an aqueous Suspension uredospores on 


at high humidity 


to avoid wetting the leaves. 


Resuitts.—TMV_ resistance from rust infection 
Leaves infected with rust were inoculated with TM\ 
after varied intervals from the time of rust inocula- 
tion. The number of TMV local lesions that developed 


from these inoculations was progressively smaller as 


the interval increased, apparently correlated with the 


maturity of the rust pustules. In some leaves held at 


10° C no typical TMV local lesions resulted from inoe- 
ulations made 6 days after rust inoculation. However. 
the number of rust-virus necrotic-ring reactions in- 


creased with increasing maturity of the rust pustules. 


as described below. 

(Aqueous diffusates from uredospores of this rust. 
sprayed onto healthy bean leaves. 
rM\ low al For 
study of these diffusates, 2 g of uredospores were sus- 

l of distilled distributed 


equ illy into 6 open halves ot Petri dishes (15 cm in 


protected against 


lesion formation. a dosage-response 


pended ir liter water and 
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diameter). Four filter-paper (Whatman No. 1) strips 
(1 by 6 in., creased 1 in. from the top for hanging on 
the rim of a Petri dish, and pointed at the other end) 
were used as wicks in each dish. The diffusates ac- 
cumulated at the pointed tips of these papers for about 
114 days, at which time the spores in the dish were dry. 
Then the tip of the dry wick was cut off at about 1 in. 
from the point. The total of 24 tips were then eluted 
with 50 ml of distilled water to give a base concentra- 
tion of uredospore diffusate. This was further diluted 
with distilled water so as to give a series of concen- 
trations for the dosage-response study. These proce- 
dures were carried out at room temperature. 

Healthy Pinto bean leaves sprayed with different 
concentrations of uredospore diffusates and allowed to 
dry. showed a definite dosage-response effect when 
inoculated with TMV (Fig. 1). The highest concen- 
tration gave 68 per cent control of TMV local lesions. 
The data in Fig. 1 represent an average of results ob- 
tained in 2 to 3 replications of the experiment. 

Rust resistance from rust infection—The aqueous 
diffusates from uredospores were sprayed on bean 
leaves at different concentrations and allowed to dry 
These leaves were then seeded with uredospores of the 
same rust. Results showed an 81 per cent control of 
rust pustules at the highest concentration of uredo- 
spore diffusate (Fig. 1). 

\cquired resistance against reinfection by the same 
rust was reduced by washing rusted leaves under the 
tap for 3 minutes and drying them before reinocula- 
tion. 

Rust resistance from TMV infection.—Leaves of 
bean plants with localized areas of TMV local lesions 
at an early stage were inoculated with the bean rust 
fungus. After a period of incubation and development 
abundant rust pustules appeared except on the leaf 
areas bearing numerous TMV local lesions (Fig. 2). 
Microscopic observation of uredospores on the TMV. 
infected leaf areas showed that these spores failed to 
germinate. The number and size of rust pustules were 
not perceptibly reduced on leaves that received TM\ 
inoculation one or more days after rust inoculation. 

Inhibition of uredospore germination by TMV- 
infected leaf tissue was demonstrated by placing such 
tissue between 2 thin sheets of 2 per cent water agar 
in Petri dishes and seeding the exposed agar surface 
with uredospores of the rust fungus. Spores directly 
over TMV-infected tissue failed to germinate; those 
over healthy tissue germinated normally. Germ tubes 
of the uredospores of this rust were not inhibited from 
germination by a 1.0 per cent K.HPO, suspension of 
TMV on 2 per cent water agar. The acquired resist- 
ance to rust in TMYV-infected tissue was reduced by 
washing the diseased leaves under the tap for 3 min- 
utes and drying them before rust inoculation. 

\ base concentration of diffusates from TMV-in- 
fected tissue was obtained by soaking 6 heavily in- 
fected bean leaves (over 300 TMV local lesions per 
leaf) in 100 ml distilled water for about 16 hours at 
room temperature. This solution was diluted with dis- 
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tilled water so as to give a series of concentrations of 
diffusates for the dosage-response study. Healthy bean 
leaves were sprayed with these different concentrations 
of diffusate, allowed to dry, and then inoculated with 
bean rust. The highest concentration of these dif- 
fusates gave 72 per cent control of the bean rust fun- 
gus (Fig. 1). Diffusates from healthy bean leaf tissue 
gave no control. 

TMV resistance from TMV infection.—To detect 
this type of resistance, bean leaves were inoculated 
with TMV, first in transverse strips and 2 days later 
over the entire upper surface. Zones relatively free 
of TMV loéal lesions developed next to the strips first 
inoculated. The extent of the zone varied, as did the 
number of local lesions in it. If the strip-inoculated 
leaves were washed for 3 minutes under the tap and 
then dried before the second inoculation, the local 
lesions from the second inoculation were greater in 
size and 70 per cent greater in number than on un- 
washed leaves. 

The aqueous diffusates from TMV-infected bean 
leaves gave variable results against TMV local lesions 
in healthy bean leaves. making conclusions not justi- 
fied as to their effect. 

Rust-TMI 


bean leaf tissue was inoculated with TMV 2 to 14 days 


necrotic-ring reaction.—When rusted 


after the rust inoculation, a dark necrotic ring ap- 
peared in 3 to 5 days at the periphery of some rust 
pustules. The more mature the rust pustule, the 


shorter was the time interval between inoculation and 


90 











AVERAGE PERCENT CONTROL 


1. RUST SPORE DIFFUSATES VS. TMV 
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CONCENTRATION OF DIFFUSATES 

Fic. 1. Control of TMV by diffusates from rust uredo- 

spores, and control of rust by diffusates of rust uredospores 


or TMV-infected bean leaves 
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necrotic-ring tormatl | it within the ring 
rapidly became nec! ner pustule produc 
tion was limited to ve econdary pustules, at 
the outer edge of the ( ecro tissue 
Temperature influenced the erity of this necroti 
response At greenhouse temperatures over 30° ( in 


tervals of l to 3 day hpelLwee rust ana rM\ noe ula 


tions produced mu than did 


intervals of 6 to 8 days I | 


eflect was 


‘ 


observed at lower temperalt 


With mechanical 


PMV \ irwood j 


was unable to infect he hy Bountiful bean plants but 
was successful with rusted Bountiful bean leaves. This 
success was hased on the t-T MV necrotic-ring re 
action in this host. However, tests by the present 
author showed that inoculations of TMV in 8- to 10 
day-old healthy Bounti plants yielded small 
atypical local lesior When rusted Bountiful bean 
plants were inoculated TMV no typical local 
lesions appeared, hut there ere a large number of 
rust-TMYV necrotic rin react Only the tissue at 


| 


the periphery of the rust | ippeared susceptible 


to TMV infection. However. the rusted tissue inside 
each ring became premature necrote Whether this 
was due to virus invasion or desiceation of all tissue 
within each necrotic ring cannot be answered at this 


time. However. germ tubes of iredospores of this rust 


fungus were not lvsed on water agar. nor were uredo 


inhibited fron e] nati by a concentrated 


suspension of | VI\ 
varieties | S. No 


spores 


Harter No 780. and 


jean 





rust \) 
Che opposite primary leaf on the same plant as A, 
1.0 per cent phosphate solution. 


Fic. 2. TMV-induced resistan 
solution 2 days before the rust inoculation B) 
manner as A except no virus was added to the 


bean 
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Harter No. 814 developed no local lesions when inocu- 
rMV. 


exhibited 


However, if previously infected with 
the same rust-TM\V 


reaction produced in the Bountiful variety. 


lated with 
rust, they necrotic-ring 

Wheat plants infected with Puccinia graminis f. sp, 
tritict Erikss. & E. Henn., Race 
the rust-virus reaction 


with TMV. 


Disc LSSION, 


15-B, did not produce 
necrotic-ring when inoculated 
The compounds were not identified in 
the diffusates from uredospores of the bean rust fun- 
gus that caused self-inhibition and protection against 
rM\ Yarwood (4. 1) did not 
bean leaves the rust-TMYV cross-protection, though he 
described the rust-TMY\ Y ar- 


studied self-inhibition of the bean rust 


infection report. tor 


necrotic-ring reaction. 


wood { 1. 5 6) 
fungus in bean tissue but did not correlate it with any 


sper ific chemi il. Most workers who have studied the 
rust 


self-inhibition phenomenon exhibited by spores 


agree on two characteristics of the active material: 


water solubility and volatility at temperatures around 


ZX. 
volatility. as also indicated in the present study. 


Yarwood (5), however, found evidence against 
The 
active materials of the aqueous diffusates of rust uredo- 
spores that caused protection in bean against rust and 
[MV did not evaporate from the leaves. as would be 
expected of volatile materials. 

The present experiments suggest that the substances 
involved are This 
supported by the fact that resistance to TMV or rust 
in TMV. 


reduced by washing the tissue 


water soluble. suggestion may be 


in rusted bean leaves and resistance to TM\ 


infected bean leaves are 





Inoculated in 2 transverse strips with TMV in 1.0 per cent phosphate 


treated in the same 
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Fic. 3. Rust-TMV necrotic-ring reaction on bean leaves. 


B) Inoculated with TMV 6 days after inoculation with rust. 
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A) Inoculated with TMV 3 days after inoculation with rust. 
C) Check, not inoculated with TMV. Note necrotic rings 


surrounding the rust pustules in A and B, and the larger rings in B, an effect obtained at greenhouse temperatures slightly 


above 30 ( 


for 3 minutes under the tap. 

Distribution of the protective substances in the 
leaves was not studied, but the fact that a brief wash- 
ing reduces the protection suggests that the substances 
are on, or close to, the surface of the tissue. 

\ narrow band of bean leaf tissue at the periphery 
of mature rust infections is more susceptible to virus 
infection than adjacent non-rusted tissue in the same 
leaf, which may become immune to TMV as the rust 
matures. The most striking example of this greater 
susceptibility is with the peripheral tissue of mature 
rust infections on certain bean varieties that are nor- 
mally immune to TMV infection. Temperatures of over 
30° C appear to hasten susceptibility of the rusted 
tissue to TMV infection. The cause of this increased 
susceptibility to TMV at the periphery of the rust in- 
fection, simultaneous with decreased susceptibility 


farther from the same rust pustule, has not been de- 


termined. 
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A ROT OF SMUTTED INFLORESCENCES OF CEREALS BY FUSARIUM POAI 
IN ASSOCIATION WITH THE MITE SITEROPTES GRAMINUM 


WV | (.herewr kK and x i. Robinson 


. VIVIARY 


The mite Sitero; Reuter), in close sulting from the combined action of mite and tun- 
association with Fu i é Pk Wi dle gus. When female mites. with their bodies dis- 
veloped abundantly ed inflorescences of | tended, were plated on agar, colonies of F. poae 
cereals in the greenh humid summer developed. even after surface-sterilization of the 
weather it also occurre re plots. The affected mites. The mite was controlled in the greenhouse 
inflorescences failed to et e from the sheaths by spraying plants weekly with 0.05 per cent solu- 
and were eventuall lest! ed i wet rot re tion. commencing when the plants were in the four 


leaf stage. 





In studies on the genet eediing-intecting smuts culoides in which gravid females are large, as in 
of oats and barley. the crowdi if plants in the gree! Siteroptes. 
house provided ide it ¢ noitv , he m iltiplie thie! Hodgkiss* reported that a mite found on 2rass In 
1} various parasites and pati fhe occurrence of 
; av Finland was described by Reuter in 1900, as Pedicu- 
a mite. Siteroptes gramu i te! il sociation : 
I oides graminum. The same mite was first found in the 
with Fusarium poae Pk W nutted florets of 7 
| ; United States in 1905, causing a rot of carnation buds. 
cereals was first notes LYoe ie everal smutted ; , 
: ‘ In 1908 Heald and Wolcott described the mite in car- 
heads of barley (Ul stilag he Pers Lagh ind : > : ; 
nation buds under the name of Pediculoides diantho- 
U. nigra Tapke rotted withi e sheaths (Fig. 1. B ; 
philus, but by that time Reuter had recognized char- 
ee D) These decayes smut ead vere permeated Dy . F , f 
, acters of generic significance in his species and had 
mycelium of a species of / Embedded in the 
sat ; created the genus Pediculopsis, with graminum as the 
mycelium and the | . il emi-trans t 
- > > y u fe Ts 
parent bodies (Fig \ Since the bodies varied type species. Later workers, recognizing that Reuter 
oaabdintatie tn cine tt was | ae. tee seis species P. graminum was the same as that described 
insect eggs. No further effort nade at that time by Amberling (1861). transferred it to the genus 
to determine their identity. The lence of the rot Siteroptes. 
ot smutted heads yrad 1\ ised intil I plants Lhe same mite was later reported ~ gs a pre st of 
coming inte the boot lage } i to \y ril 1957 vrasses and grains as well as the active agent in dis- 
more than 50 per cent of the tted inflorescences semination of the spores of Sporotrichum poae Pk. in 
were lost. This loss w el ill the smut cor the United States. Infested wheat. oats. barley. and 
sisted of F, lines derived fro: iired monosporidial rye were malformed and stunted, and their inflores- 
cultures. It was clear that inve itio were needed cences were often silvered. Hence the common name 
lo develop a method of ce tl oT disease “Silver top.” Hodgkiss? described the effects ot the 
When a number of these egg-like bodies (1 lL A mite on grass and on carnations as being quite dissimi- 
(.) were plated on potato-sug ir it Petri pl ites lar although in both cases it was associated with the 
each yielded a colony of / ) ind a number of same fungus, 5S. pode. Leach® (p. 398-400) described 
mites. Colonies of F 1 eloped even atte rite the activities of the mites as follows “The mites « rawl 
hodies had been surface-steril lin mercuric chloride down the grass culms under the sheath to the base of 
The mite was identified | Dr. H. H. J. Nesbitt the panicle where the tissues are relatively soft and 
arieton niversity ttaw ) rio is feroptes succuten ey ina utate ie Issues with ie ungus 
Carlet { t Ort S lent. Tl late the t th the fun; 
graminum (Reuter Before Xan ed the spec which they carry with them. The mites apparently 
mens with the compound n I é ¢ nistook them feed on the fungus and the decaved tissue that develops 
for the very closely related a } tes P it the base of the panicle.” Cooper’ reported experi 
' Accepted for publicat N 26. 195 + Hodgkiss. H. FE 1908. Notes on the grass mite, Pedicu- 
Contribution No. 1647 { R at Plant Dail lopsis graminum Reuter. J. Econ. Entomol. 1: 375-377. 
ogy Division, Science Ser ( lepartment f Aor ’ Baker, E. W.. and G. W. Wharton 1952 An introdue- 
culture. Ottawa, Ontari tion to acarology. The Macmillan Company, New York 
, 165 Dp 
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‘Leach, J. G. 1940. Insect transmission of plant dis- 
eases. McGraw-Hill, New York. 615 p 
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versity of Manitoba 
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num and Fusarium poae to central bud rot of carnations 


Phytopathology ;0O: 853-859 
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Fic. 1. A) Distended hyst f the mite, S graminu on rotted barley smut head (* 20). B) Smutted 
head of barley within the sheath affected by Fusar poae and the mite. ©) Same with the sheath torn open. D) Smut 
of oats—rotten on the 1 nt ar n the lett ! 1 a tiller of the same plant after weekly sprays 
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ments to demonst! P, graminum intro [he present studies revealed no antagonism between 
duced Fusarium p into buds. He classed the mite and F. poae. The fungus, in addition to pro- 
the relationship a mistic symbiosis.” viding food for the mites, causes the rotting of smutted 

The life histor tS inder field condi heads, thus providing the moist conditions necessary 
tions Is apparent ‘ ‘ tely known. In_ the for mite propagation. Moreover, since the affected in. 
greenhouse it thi lage the year florescences remain enclosed.within the sheaths (Fig, 
round. The meth extremely un 1, B. D), a long period is provided for development of 
usual. The birth pre bed by Baker and the mites. Mites disseminate the fungus and inoculate 
Wharton® (p. 165-16 luring the pres the host by wounding the young tissues. It therefore 


ent study While I ed to food, its . 


seems to the authors that there exists a true, though 


hysterostoma 2s sites + “: not obligate symbiosis between the two organisms. 
100 to 500 times | | 1 A nd 
de hte waek: the, pe Pe During the present studies, neither in the greenhouse 
idult mites. Under f voung and adults nor in the field plots was any sign observed of mite 
im ten enn teense | CE infestation on the healthy inflorescences of cereals, 
moving about fre \ . irs bv break Chis mite may therefore not be the species reported! i 
down of the hvsterost aie to cause silver top on cereals and grasses. 
forms or adults may be ey re the ma irt Systox Demeton, B-ethylmercaptoethy! diethyl 
It has been reported® that vy male re born, thionophosphate), a systemic insecticide, seemed to 
each brood contair ile Mat takes have no effect on mites, even at phytotoxic doses. A | 
place within the is well iter few sprayings, 10 days or more apart, with 0.05 per 
birth.” cent Kelthane (1.1-bis (p-chloropheny] ) 2 .2.2-trichlor- 

The mites in Pet een fe 0 ethanol ind endrin also had little apparent effect 
Fusarium myceliu 1 as lor > there on the mites within the sheaths. Even dipping the 
was sufhicient moisture fact, female iffected plants into 0.05 per cent (2 pints of 20 per 
mites with distended fe were ODseI! 1 on cent endrin in 100 gal.) endrin solution did not kill the 
agar, but they faile i the p ried mites inside the sheaths. However, plants in the fourth- 
up. In the green ysteroston ol or fifth-leaf stage sprayed weekly with 0.05 per cent 
female mites dri hours alter the endrin were free of mite infestation. Even tillers from 
sheath over an affe twas tor the affected plants, which at the commencement of a 
I, C). In the su ‘ . ery trequent weekly spray schedule were in fourth-leaf stage, 
rains occurred up t cidence of decayed vielded normal smut heads (Fig. 1, D). It seems that 
smut heads in experimental { lots of wheat, oats it should be possible to eliminate the mites from the | 
ind barley, was ov lest-observed greenhouse without destroying all the affected plants. 
During the latter part en hot, dry weather! 
prevailed, only dried en vere observed CANADIAN DEPARTMENT OF AGRICULTURE RESEARCH 
in the field. With th t weather. in earls LABORATORY 

AND 

\ugust, numerou vith large hvystero 
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